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(57) The present invention provides an array of 
compositions useful for effecting and/or exhilafting 
changes in biological functioning and processing within 
cells and iri bfological systems containing such cells. In 
effect, these compositions combine chemical modifica- 
tions and/or ligarid additions with biological functions. 
The diemical nx)dif ications and/or ligand additions pro- 
vide additional characteristics to the composittons with- 
out Interfering substantially with their biological function. 
Such additional characteristics include nuclease resist- 
ance, targeting specific cells or specific cell receptors 
localizing to specific sites within cells and augmenting 
Interactk)n8 between the compositions and target cells 
of interest as well as decreasing such Interactions when 
desired. Also provided by the present invention are 
processes and kits. 
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Ddscrlptlm 

nELD OF THE IWVEWTION 

• 5 This Invention relates to compositions including nud^ add constructs, conjugates, and vectors which are capable 
of effecting and exhlt>iting t>ldogrcal function witfiin a ce!l or cell containing biological system. 

AH patents, patent pubCcattons, sdentific articles cited or identified in this appfication are hereby inco r po r ated by 
reference in their entirety in order to descrbe more fully the state of the art to v&adx the present invention pertains. 

10 BACKGROUND OF THE iNVENTIQM 

An altemative to viral mediated gene delivecy is direct delivay of nudeic add. This approach has several l imi t a l i m s 
induding low efficiency of transfer, low stability and lack of cell specificity. In order to overcome some of these limitations 
other approaches have been made. These indude non-specific Ionic complexes with polycations such as pdyiysine 

T5 (WU arvd Wii, US Patent Na 5.166,320, contents of which are incorporated herein by reference) and histone. These 
bind non-spedf ically with the nudeic add construct through polycations or ba^ proteins, such as histone& Hcwvever. 
the resulting complexes still suffer some Gmitatlons induding ladi of uniformity of the complexes, lade of epedfidty witti 
respect to polycatlon binding to specific regions of the nudeic add construct, potential interference of conptexes with 
nudeic add and possible untimely dissassodation of the complex or lacK of tlm^y disassociation of the complex leading 

20 to a lack of stability of these nudeic acid potycation or nudeic polypeptide complexea 

Nudeto add transfer to celte can take place by various methods. Such methods can utilize free nucleic add, nuc^c 
ackJ constructs or nudeic add as part of the genome of a vims or bacteriophage vector. 

Wii et al., US Patent f^. 5.166,320, utilized a polynudeotide in a nonspedfic association with the polycation pdy- 
iysine. These complexes suffer limltatbns including lack of consistency of composition, lack of spedf idty with respect 

25 to polycation binding to specific regions of the nudeic add construct, potential Interference of complexes wHh nudete 
ackJ and possltile untimely dissassodation of the corr^ex or lack of timdy disassociation of the complex leacfing to a 
lack of stability of these nucleic acid or histone polycation or nudeic pdypeptide complexes. This procedure does not 
provide for delivery of virus vectors. Furthermore, cell transformation effldendes are still low. 

Methods for retrovirus mediated gene transfer to hematopoietic cells ex vivo has been attempted, in the presence 

30 of f bronectin or f ibronectin fragments. FibronecUn binds to retroviruses but not to any other viruses, nudeic adds or 
nuddc add constructs. Williams and Patel, WO 95/26200 (the contents of which are incorporated her^ by reference), 
have transformed hematopoietic cells with retroviruses in the presence of f ibronectin. The use of f toronectin in this way 
is limited only to use with some retrovirus vectors and not with other virus vectors or with nudeic adds. 

It is desirable to form multimeric complexes for two primary reasons. The tarnation of such conptexes results in an 

35 additive effect such that one can obtain ooDective activity of the monomeric units witttin a complex or these oomplesos 
could provide enhanced binding properties compared to the individual compounds or monomeric units, either through 
cooperative binding effects or through neight)oring effects which produce higher bcalized concentrations. Polyligands 
usually exhibit higher binding affinities in the pdymeric form than in the monomeric fam as seen by the binding of pdy- 
nudeotide sequences to their complementary sequences when compared to the binding of the monomeric units. 

40 Multimeric complexes have been formed either by crosslinking of monomeric compounds direcdy or through a 
matrix or through the formation of noncovaient linkages. Examples of multimeric complexes formed by the crosslinking 
of a given compound such as enzymes, either directiy or tiirough a matrix are described in US Patent No. 4,687.732 
(contents of which are incorporated herdn by reference), whereby a visualization polymer composed of multiple urtits 
of a visualization monomer is linked together oovalently by coipling agents wl^ch bond 1o chemical groups of ttie mon- 

45 omen Examples of multimeric complexes made through tiie formation of noncovaient Gnkages such as ligand-reccptor 
systems are the PAP (peroxidase*anti-peroxidase) complexes and APAAP (alkaline phosphatase-anti-alkaline phos- 
phatase) complexes in comnx^n use as Immunological reagents and ttie streptavklin-biotinytated enzyme complexes 
used for detection of biotinylated entities. 

In the case of complexes formed by crossGnking or noncovaient bincfing, there are limitations with respect to the 

50 spadng and the chemical milieu of ttie monomeric unit within the complex which may affect the function and activity of 
the monomeric unit and as the size of tiie complex grows, solubility may be affected. 

Efforts to regulate expression of procaryotic genes by eucaryotic processes have been attempted by Schwartz et 
al. (1 993 Gene 1 27: 233) (also incorporated herein k)y reference) who Introduced an intron sequence from a eucaryotic 
gene into a procaryotic gene. However, when introduced into a cell capable of mRNA processing, the gene expressed 

55 an altered protein in whk:h additional amino adds were present due to ttie presence of flanking axon sequences asso- 
dated with ttie inserted inti'on. This fimitation is inherent in this approach since ttiis method of intron isolation requires 
the a priori presence of inherent restriction sites in the exon regions flanking the intron, and intron insertion requires the 
presence of appropriate restriction sites in ttie gene receiving the intron. Therefore, even after the exdston of ttie intron 
from the Rl^ ttie flanking exon sequences remain as part of ttie coding sequence of the mature RNA molecules. Fur* 
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thermore. the nunt)er of sites for intron insertion on the rec^ng gene is severely fimited by the avaltakHIity of appro- 
priate restriction sites. 

The aiteration of the gene product by this approach niay have unpredictable effects on the function of the gene 
product and sei^rely limits the applicabTity of this method to specific instances. In the exanrple of Schwartz et al. the 

s additonal amino acids had no apparent effect on the activity of the protein synthesized in the capable cell, but this is not 
always a predictable quality since it depends upon the site v/here the additional amino acids are incorporated. Fc^ 
instance, a short sequence coding for a small p^de introduced into the amino end of 17 RNA polymeraee by Dunn 
et al. (1988 Gene 68: 259) (also Incorporated herdn by reference) had no apparent effect on enzyme activity. Ktowevo^ 
introduction of the same sequence imo a site near the cart)0xy terminus resulted in nearly conplete loss of enzyme 

to activity. Thus, the incorporation of extra amino acids as a result of introducing an exon into a coding sequence by the 
method of Schwartz et al. could have .a drastic mutagenic effect 

Systems derived from procaryotic elements can produce functional products in mammalian cells. T7 RIM polymer- 
ase, an eruyme derived from an E coti bacteriophage, has been expressed tX3th transiently and stately in mammalian 
systems (Fuerst et al.. 1986 Proc. Nat Acad. Sci. U.S.A. g^: 8122. the contents of which are herein incorporated by 

IS reference). When synthesized in a manvnalian environment it is capable of acting upon genes under the control of a 
T7 promoter to produce transcripts that can be translated to provide a functional gene product Large amounts of RNA 
can t>e transcribed from the T7 promoter (comprising up to 30,000 RNA molecules per celt Lieber et al. 1993, also • 
incorporated by reference). 

In eucaryotic systems success has only been achieved by the use of a binary system with the polymerase m one 
20 construct and the T7 promoter on a separate construct, In this way either sequential transf actions (Ueber et cd. 1989 
Nucleic Acids Res 17. 8485) (also incorporated by ref&ence) or co-transfections with separate plasmids (Ueber el al. 
1993 Methods Enzym. 217. 47) (incorporated by reference) or transfection with a plasmid containing a T7 promoter fol* 
lowed by infection with a recombinant vaccinia virus coding for T7 RNA polymerase (Fuerst et al. 1986 Proc. Nat Acad. 
Sd. U.S. A. 83, 8122) must be done. Since 17 RNA polymerase can be cloned only free of a T7 promoter sequence 
2S (Davenioo et al. 1984 Proc. Nat. Acad. Sd. U.S.A. SI: 2035) (incorporated herein by reference), it appears that attempts 
to done both elements in a sirigle construct fell due to an event where synthesis of the T7 RNA polymerase-inttiated 
transcription from the downstream promoter continues around the plasmid to direct more synthesis of T7 RNA polymer- 
ase leading to a cytocidal autocatalytic cascade. A similar strategy of elimination of cognate promoters has t>een 
desaibed for the doning of the bacterophage T3 (Morris et al. 1986 Gene il: 193) and SP6 (Kotani et ai. 1987 Nud. 
30 Adds Res. 15; 2653) (both put)licatlons Inoorpaated herein by reference) RNA polymerases. However, compatibility off 
these elements has been achieved by the addition of two modificatiorw to the construct /.e., Inhibition of the T7 RNA 
polymerase by the presence of T7 lysozyme and the use of a repressible T7 lac promoter (Dubendorff and Studier 1991 
J. Mol. Biol. 21S- 81 , 199t, incorporated herein by reference). Both of these limitations are required in order to obtain a 
construct 

$5 The introduction of genetic material into cells can be done by two methods. One method is the exogenous applica- 
tion of nucleic adds vtfhich act directly on cellular processes but which themselves are unable to replicate or produce 
any nucleic acid. The intracellular concentrations of these molecules that must be achieved in order to affect cellular 
processes is dependent on the exogenous supply. Another method for nucleic add delivery is the introduction into cells 
of Primary Nucleic Add Constructs which themselves do not act on cellular processes but which produce single 

40 Stranded nucle^lc add in the cell v^ch acts on cellular processes. In this case the introduced Primary Nudek; Acid Con- 
struct can integrate into cellular nucleic acid or it can exist in an extrachromosomal state, arxi it can propagate copies 
of itself in either the integrated or the extrachromosomal state. The nudeic add consstruct can produce, from promoter 
sequences in the Primary Nucleic Add Construct single stranded nudeic acids which affect cellular procesees of gene 
expression and gene replication. Such nudeic adds indude antisense nucleic adds, sense nudeic adds and tran- 

45 scripts that can be translated into protein. The intracellular concentrantions of such nucleic adds are limited to pro- 
moter-dependent synthesis. 

The effectiveness of single stranded nudeic acicte produced from primary nucleic add constructs \6 dependent on 
thdr concentration, the slatMlity and the duratton of production in the cell. Current methods for achieving intracellular 
concentrations are limited by a dependence on promoter directed synthesis. 

so The effectiveness of antisense therapy depends depends in targe part on three megor factors: a) the rate of tran- 
scription of antisense RNA, b) the cellular location of the RNA and c) the stability of the RNA molecules. White previous 
studies have addressed each of these factors, all three have not been addressed in a single approach. The present 
invention utilizes AS sequences substituted for nucleotidie sequences in the U1 and other hnRNAs to adueve high 
nudear concentrations of stable antisense RNA sequences. 

55 U1 , U2 and other snRNAs are nudear-localized RNA molecules complexed with protein molecules. (DaHberg and. 
Lund 1988 in Strudure and Fundion of Major and Minor Small Nudear Ribonudeoprotein Partides, M. Bimstiel, Ed., 
Springer Verlag. Heidelberg. p38: , Zieve and Sautereau 1990 Biochenvstry and Molecular Biology 25;1, all of which 
are incorporated herein t>y reference). 

The various promoters for U1, U2 and other snRNA operons are very strong and produce large amounts of RNA. 
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U1 and other snRNAs have signals tor export to the cytoplasm where specific proteins are comptexed before rtimpor- 
tation to the cytoplasm as snRNPs (Figure 41). snRNAs are very stable molecules. They form very highly ordered stem 
and loop structures (Figure 43) which, when conrplexed with specific proteins, fonm snRNP. or spficesomes. 

Antisense and other nucleic actd mdecules which affect g^e expression by acting on and altering RNA transoipls 
5 can derive certain advantages by confffiement to the nucleus. Higher concentrations can be maintained in the smaller 
volume of the nudeus, interactions with target RMA can occur prior to their being used for expression and there would 
be no conpetition witti messenger bindir^ r3)osomes. 

Addition of antisense sequence to U2 RNA (Izant and Sardelli 1988 in Current Communications in Molecular Biol- 
ogy. Cold Spring Hait)or, pi 41 . incorporated herein by reference) as a means of delivering ant^ense sequences altered 
10 the properties of normal U2 transcripts. Hybrid U2 molecules formed by ir^^tion of antisense sequences into a restric- 
tion site in the 5' end of ^e U2 transcript region showed decreasing antisense effectiveness with increasing insert size. 
Inserts longer than 250 bases substantiaity reduced antisense effectiveness. Furthermore, f^lmtedid not accumulate 
in the nucleus as efficiently as their wild type counterparts with the fraction of hybrids in the nucleus decreasing as 
insert length increased. 

15 VU and Werner (1988 in Cunent Communications in Molecular Biology. Cdtd Spring Harbor, pi 41. contents incor- 
porated by reference) substituted 9 base antisense sequences directed at target sequences surroumfing spGce sites in 
mRNA. The antisense substitutions were made at the 5*end of U1 RNA. None of the antisense substitutfons offocted 
the level of targeted species of mature cytoplasmic RNA. 

Constructs have been designed to increase antisense effectiveness by the inclusion of more than one targeting ele- 

20 ment in a single transcriptional unit. Multivalent constructs prepared in this way can produce nurnerous target directed 
entities acting on multiple target sites in nucleic adds. (Chen et al.. 1992 in Antisense StrategieSb Annals of the New 
York Academy of Sciences 660:271: Zhow et al. Gene 1994 149d3. both publications Incorporated herein by refer- 
ence). Different approaches to inhibition can be Incorporated into a multivalent transcript as shown by Lisziewicz et al. 
(1 993 Proc Nati Acad Sci USA 90. 8000. also incorporated by reference) who combined multiple copies of the HIV TAR 

2S with an antisense sequence to HIV gag on the same transcript 

The use of multivalent targeting by the inclusion of more than one targeting element on the same transcript pro- 
vides a a method for counteracting the the high mutation rate of viruses such as HIV due to the urilikely event of simul- 
taneous mutation of multiple target sequences. However, the comnxin means of accomplishing these designs is the 
inclusion of the product entities on a single transcript This approach suffers from the following linvtatipns: 

30 

a) Ihe total number of RNA.molecules available as effective entities is limited by the strength off the single pro- 
moter; 

b) During stable transformation of a cell, the integration event can disrupt the nucleic acid tenrplate sequence 
35 responsible for expression of the antisense sequence; 

c) The use of multivalent transcripts is not favorable when one product entity present on the transcript acts on tar- 
gets present in one cellular locale and anotfier product entity present on the same multivalent transcript acts on tar- 
gets present in a different cellular locala This was the approach reported by Lisziewicz et al. (1993) where muKipte 

40 TAR sequences, which act to bind the HIV tat protein in the cytoplasm, were present on the same transcript with 
antisense sequences for the HIV gag RISIA, which are most effective in the nucleus. 

Atthbugh tiiere have been major efforts to find effective antiviral ti'eatments. at the present time the only success 
has been in a dimunition of virus growth rather than elimination of the virus. Among the efforts that have been pursued 

45 are attempts to prevent initiation of the virus replication cyde by preventing the virus from entering tfie cell by immuni- 
zation or by treatment with antlbodi^ or with proteins ttiat interfere with virus recognition of a cell by interacting with the 
virus or the virus rector site on the ceil. These include unsuccessful treatment with high levels of soluble CD4 (Hus- 
son et al.. 1992. incorporated by reference). In addition, efforts have been made to combat HIV infection after virus 
entry into a cell using protease inhibitors for preventing processing of viral polypeptides into functional protehs and var- 

so led nucleoside analogues which can btocK replication of the virus by inhibiting the activity of the virally encoded reveree 
transcriptase and other functions necessary for virus propagation. Stages of ttie processes of viral Infection and viral 
replication cycle have been examined for the possibility of pharmacological or immunolo^cal Intervention of the disease 
process. Hmwet, as independent and effective tiierapeutic agents, both immunological and smaO molecule inhiMors 
have failed to stem the progression of AIDS, and major problems remain in terms of effectiveness and ttie rise of viruses 

55 resistant to small nfu)lecule therapeutic agents. Even ttie application of combinations of immunological and small mole- 
cule agents has not been successful. 

The introduction of genetic information into cells either to replace a function or to introduce a new function has pro- 
vided an effedive means for the treatment of viral infection. Gienetic therapy approaches have been used to impart cell 
resistance to viruses by mechanisms which act intracellularly on the viral replication process (see Yli et al., Qene Ther- 



4 



EP077936SA2 

apy 1. 13-16 [1994. incx>rporated by reference). A result ol these studies is that in vitro, the effectiveness of genetic 
^erapies is sensivitive to vins concentration. Experiments in vitro that showed substantial levels of resistance at low 
ratios of virus to ceDs, at higher ratios showed a ^breaklhrough' phenomenon characterized by a period of seeming 
effectiveness followed by a surge in the virus production (Sczakiel et al. 1992 J. Virol 66;5576 :Scakied arxJ PawGta 1990 
5 J. Virol. 65:468. all of vMch are incorporated by reference). Ihxss in vitro, at lower vin«:cell ratios some genetically 
treated cells demonstrate longer survival times that at higher virus:cen ratios. 

Compartmentalization of function Is critical to regulated processes in eucaryotic cells. Fdr example, the major part 
of cellular DMA is organized irtto chromosomes located in the nucleus where transaiption of genetic information takes 
place. The major part of RNA synthesized in the nucleus Is transported to the cytoplasm where It is translated. Othw 

10 subcellular compailments for localized function include the Golgi apparatus, endoplasrnc reticulum, nucleolus, mito- 
chondria, chloroplast and the cellular membrane. Thus, a variety of mechanisms exist ^er to retain macromdecules 
in spedfic cellular compartments or to transport macromdecules from one ceUular compartment to another. For exam* 
pie, in the directed exit of mature mRNA out of the nudeus into the cytoplasm, the presence of a 5* cap. removal of 
introns and addition of a pdy A sequence are an believed to contribute to the signal that directs the relocation (refer- 

15 ence). 

Some RI^IAs. such as small nuclear RNAs (snRNAs) involved in splicesome assembly, are relocated by sequential 
transportation (Dahlberg and Lund. 1988. in Structure and Function of Major and Minor Small Rax>nudear Particles. M. 
Birnstiel. ed.. Springer Verlag.- Heidelberg, pg. 38, incorporated t^y reference ). After transcription In the nucleus, the 
presence of the 5' cap and the processed 3' terminus generate a bipartite signal for transport of U1 RNA into the cyto- 
so plasm. At this point there is further processing of the RNA by excision of a few nudeotides and hypermethylation of the 
5' cap. The binding of splicesome proteins present in the cytoplasm to the Sm region of the U1 RNA In combination with 
the hypermethylation is believed.to generate a signal for the reimportation of the RNA back into the nudeus. 

In contrast to most mRNA, most proteins do not need to be transported from their site of synthesis in the cytoplasm. 
However, some proteins that function in transcription, replication or other nudear maintenance functions need to be 
25 present in the nucleus to function properly. In this case a polypeptide signal sequence present in the protein directs the 
transport of the protein from the cytoplasm into the nudeus. Still otiier proteins are not funcHonal In ti^e cytoplasm or in 
. the nucleus bUi are required to be present in the membrane of ttie cell thereby requiring the presence of leader and 
lipophilic sequences. 

The directing of target molecules as an approach to genetic tiierapy has been studied by attempts at tocaiizalion 
90 for the express purpose of putting an active agent such as antisense RfsIA in proximity to the target in a particular cel- 
lular locale For example, some workers have designed nudeic acid constructs to express anti-sense RNA that woukf 
be retained in the nudeus in order to block newly transcrbed target RNA from functioning (Izant and Sardelli, 1988, 
Current Communications In Molecular Biology. D. Melton, ed.. Cold Spring Hartx)r Laboratory; Gotten and Birnstiel, 
1989. EMBO Journal 8. 3861 . incorporated by reference). The opposite effed has also been achieved designing the 
35 transcript to Indude a signal for enhandng transport into tiie cytoplasm in order to block the translation of Rf^ that may 
be present there (Liszeiwicz et aJ. 1993. incorporated by reference). 

SUMMARY OF THE INVENTION 

40 The present invention overcomes tiie aboveKfescribed limitations in the prior art by providing compositions which 
retain their bk}logical function within cells or biological systems containing such cells upon chemical modification which 
may add further useful biological functions in addition to those which are retained. 

The present invention relates to nucleic add constructs capatsle of k>iological function and processing within a celt. 
These constructs nuiy contain chemically modified txological or synthetic compounds. These constructs retain their bk>- 
45 logical function within a cell, but may also be able to exhibit additional properties t^y virtue of the chemical mocSf ication. 
The cor^ucts combine chemical modifications and biological functions Integrated witfiin the construct 

The invention relates to novel constructs that have either incorporated unique t>tological elements or have incorpo- 
rated chemical entities that imroduce new properties to tiie construct, or both. 

Unique bk)k)gical elements are eitiier synthetic, non*native heterologous or artif ical elements in ttie construd that 
so when in ti^e cell provide novel capabilities (rton-native) or novel products (artificial). Novel capabilities are provided bf 
but are not limited to the introduction of such elements as heterologous processing elements tiiat allow the construct to 
function in compatable cells, signaling elements for localization within the cell and multi-independent production cas- 
settes. 

Chemical modifications provide added character^cs to the constructs wititout interfening substantially with its t^o- 
55 logical function. Such added characteristics can be. but are not limited to nudease resistance, tiie capability of targeting . 
specific cells or spedf k; receptora on cells, the capabirrfy of localization to specific sites wittiin a cell, or the ability to 
enhance the interaction between the construct (or virus or vector) and the target cell in a general manner or too prevent 
or interfere with such interaction when desired. 

The invention combines biological elements and chemical modification eitiier to aeate a construct that defines its 
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function, its location within a cell and its fate, or to niodulate the interaction of the virus, vector or construct and ceQ prior 
to the entry of the virus, vector or construct into the ceQ. 

Furthermae. the present invention relates to methods and constructs that provide tor general interactions between 
target cells and a nuddc acid entity and conrqx)sitions d multinneric complexes useful in vivo and in )dtro. 

s Among the compositions provided by this invention is a construct which when present in a cell produces a proc&ict. 
The construct comprises at least one modified nucleotide, a nucleotide analog or a norHtudeic add entity, or a oombi- 
nation of any of the foregoing. Another composition is a construct bound non^orvcally to an entity comprising a chenv- 
cal modification or a ligand. When present in a ceO, such a con^ruct produces a product Another composition provided 
by this invention is a construct bound non-ionicaOy to an entity comprising a chemical modification or a igani. When 

w present in a cell, such a construct also produces a produd. 

This invention provides a composition comprising (a) a nonnfiatural entity which comprises at least one domain to 
a nudeic add component; and at least one domain to a cell of interest; and optionally, (b) the nud^ add component, 
and optionally, (c) the cell of interest, or both (b) and (c). In this composition, the donmin or domains to ttie nucleic add 
conponent are d/ffererTt from the domain or domains to the cell. A kit is provided for introdudng a nudeic add conpo- 

15 nent Into a cell of interest This kit compfses in packaged containers or combination one element and three opticral 
elements. The f irst element is a non-natural entity which comprises at least one domain to the nudeic add component, 
and a domain to the cell of interest Optional elements Indude the nudeic add component the oefl of interest and buff- 
ers and instructions. 

Another composition provided by this invention comprises an entity which comprises at least one domain to a cell 
20 of interest such domain or domains being attached to a nudeic add component wtiich is in non<loiA3le stranded form. 
A kit is also provided for introdudng a nuddc add conponent into a cell of interest The kit comprises in packaged con- 
tainers or combination an entity which comprises a domain to the cell of interest the domain being attached to a nudeic 
add component which is in non-double stranded form. Optionally provided are (suffers and instructions. 

Also provided Is a composition comprising an entity wfiich comprises a domain to a nudeic add component the 
25 donmin being attached to a cell of interest A kit Is provided for introdudng a nucleic add oonriponent into a cell of inter- 
est In packaged containers or combination, the kit comprises an entity which comprises a domain to the nudeic add 
component, the domain being attached to the cell of interest. Buffers and instrudlons a\ay also be optionally induded. 

Further provided is a muHimeric complex composition oornprising more than one monomeric unit attached by 
means of one or more interactions. Thus, the monomeric units may be attached to each other through polymeric inter- 
30 actions, or to a binding matrix through polymeric interactions, or a conr^ation of both kinds of inteiacttons. 

Also provkled Is a muHimeric conrposHion comprising more than one conponent attached to a charged pdymer. In 
this conposition. the charged polymer is selected from a polycationic polymer, a polytonic polymer, a polynudeotide. a 
modified polynudeotide and a polynucleotide analog, or any oomt>ination of the foregoing elements. 

The present invention provkies a nudeic acid construct which when introduced into a cell codes fbr and expresses 
35 a non-native polymerase. The non-native polymerase is capable of producing more than one copy of a nucleic add 
sequence from the construct Also provided Is a nudefo add construct wivch when introduced Into a cell produces a 
nudeic acid produd comprising a non-native processing elment. When contained in a conpatible cell, the processing 
element is 8ut>stantially removed during processing. 

This invention also provides a process for selectively expressing a nucldc add product in a cell, the product 
40 requires processing for functtonlng. The process comprises first provkling a nucleic add oonstrucl which when Intro- 
duced into a cell produces a nudeic add product comprising a non-native processlr^ element, which is sut>stantially 
removed during processing when corrtained in a compatible cell, and seoorxi. introdudng the construct into the cell. 

Another composition conrprises a primary nucleic add component which upon introduction into a cell produces a 
secondary nucleic add component which is capable of produdng a nucleic acid product or a tertiary nudefo add com- 
45 ponent or both. Ndther the secondary nudeic add component the tertiary nudeic add oompon^ nor the nudeic 
acid product are capat^e of produdng the primary nudeic add component 

Also provided herein is a process for localizing a nudeic acid product in a euloryotic cell. This focalizing process 
comprises first provkling a conposition of matter corrprising a nucleic add component which when present In a cell 
produces a non-natural nudeic add product The non-natural nucleic add product comprises a portion of a focalizing 
so entity, and a nudeic acid sequence of interest In the second step of the process, the composition is introduced into a 
euKaryotic cell or into a biological system containing a eukaryotic cell. 

Additionally provided by this invention is a nudeic add conponent which upon introduction into a ceO is capat)le of 
produdng more than one specific nudeic add sequence. Each such specific sequence so produced is substantially 
nonhomologous with each other and are either conplementary with a specific portion of a single-stranded nudeic add 
65 of interest in a cell or capable of binding to a specific protein of Interest in a cell. 

This invention further provkies a process fbr increasing cellular resistance to a virus of interest The process com- 
prises first provMing transformed cells phenotypically resistant to the vinjs; and a reagent capable of bimfing to the 
virus or to a vinis-spedf Ic site on the cells. Second, the process comprises administering the aforementioned reagent 
to a biological system containing the cells to increase the resistance of the cells to the virus of interest 
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Further provided is a nucleic acid construct which when introduced into a ceD produces a non-natural product The 

non-naturaJ product comprises two components: ftrst, a tending componern capable of binding to a celtutar oonponent, 
and second, a localization component capat^e of dislocating the cellular component when it is bound to the rran-natural 
product 

5 Also contemplated by the present invention is a process for dislocating a cellular component in a cell. Here, the 
process compfises, comprises first, providing a nucleic acid construct which when Introduced into a cdl produces a 
non-natural product the product itself comprising two components: a binding component capable of binding to a cellular 
component, and a localization component capable of dislocating the cellular component when it is bound to the non- 
natural product In the seoorxi step of the process, the nucleic acid construct is introduced into a ceO of interest or a 

10 biological system containing the cell or cells of interest. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 depicts the localized attachment of ligands and other moieties to a nucleic add construct by incorpora- 
15 tion into a nucleic acid primer. 

FIGURE 2 depicts the dispersed attachment of ligands to a nucleic acid construct by extension from a modif ied 
nucleic acid primer. 

FIGURE 3 illustrates the dispersed attachment of ligands to a nucleic add construct by synthesis of a complemen- 
tary RNA strand that utilizes modified r3>onucleotide precursors. 
20 FIGURE 4 illustrates the localized attachment with a nudeic add construct by hybridization of a gapped circle with 
a modified nucleic acid moiety that also contains useful moi^ies incorporated into a 3* tail 

FIGURE 5 illustrates the preparation of a gapped drde such as shown in FIGURE 4. 

FIGURE 6 illustrates the localized attachment with a nucleic add construct by hybridization of a gapped ctrde with 
a modified nucleic add moeity with an unnKXjif led 3* tail to which has been hybridized a nudeic acid with useful ligands 
25 incorporated ther^nto. 

FIGURES 7 AND 8 show the process for introdudng a segment of RNA into a cell by means of a modified primer 
. whereby the RNA will be transfbrnried/nvno into a double-stranded DNAse^ 

FIGURES 9 AND 1 0 show the process for introdudng a segment of RNA into a cell by meai^ of modified primers 
whereby the RNA will be transformed in vivo into doutsle-stranded DNA segments. 
* 30 FIGURE 1 1 illustrates a process for introdudng a segment of single stranded DNA having modified nudeotides as 
part of its sequence. 

FIGURE 12 illustrates the fate of the nxxJif led single-stranded DNA from Figure 1 1 after it has been introduced into 
a cell. 

FIGURE 13 illustrates a process for introdudng a segment of double stranded DNA having modified nudeotides as 
35 part of the sequence on each strand. 

FIGURE 14 illustrates a divalent antibody binder with one portion having an affinity for binding a retrovirBl particle, 
and the other portion having an affinity for binding the CD34 antigen. 

FIGURE 1 5 shows the covalent attachment of DNA to each portion of an FCab^g antibody fragment with an affinity 
for the CD34 antigen. 

40 FIGURE 1 6(A) depicts the covalent attachment of DNA to an adenovirus binding portion of a divalent antbody in 
order to promote the binding of an AAV vector DNA nrx)lecule to a CD34 receptor. 

FIGURE 16(B) is the same depiction as in FIGURE 16(A) except that F(ab') fragments are used instead of com- 
plete antibody proteins. 

FIGURE 17 illustrates a monovalent antibody to an adenovirus spike protein with one portion being nnodified by 
45 covalent attachment of DNA that can bind an adenovirus associated virus (AAV) vector DNA molecule through hybrid- 
ization and the other portion being modified by the covalent attachment of an oligdysine modified k)y the attachment of 
iBc^ groups. 

FIGURE 1 8 shews a monovalent antibody to an adenovirus spike protein in which each portion of the antik>ody has 
been modified by the covalent attachment of lactosylated DNA molecules which are bound to an AAV vector DNA by 
50 means of hyt3rldization. 

FIGURES 19 AND 20 describe the synthetic steps for producing a reagent that is useful for attaching nudeic acid 
moieties to an antibody 

FIGURE 21 depicts a process for mutTimerizatton of F(abl2 antibody fragments by hybridizatkm of nudeic acid 
homopolymeis. 

55 FIGURE 22 depicts a process for multimerization of insulin nrx)lecules by hybridization of nudeic add homopoly- 
mers. 

FIGURE 23 depicts a process for multimerization of insulin molecules by hybridization of nudeic add heteropdy- 
mers with a binding matrix 

FIGURE 24 shows the introduction of an SV40 intron sequence that reconstitutes appropriate signals for in vivo 
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spncing and production of a normal mRNA transaipt for T7 RNA polymerase. 

FIGURE 25 shows the proc^ of the rntron introduction and subsequent construction of a T7 expression vector. 

FIGURE 26 shows the oligomers and their products used for the synthesis of the SV40 intron containing T7 Rl^ 
polymerase coding sequence. 
5 FIGURE 27 depicts the process for the introduction of nucleotide sequences for the nudear locaEzation signal. 

FIGURE 28 is a comparison of the S ends of the nucleotide sequence for the normal T7 RNA potynnerase and a 
T7 RNA polymerase with sequences inserted for a nuclear localization signal. 

FIGURE 29 shows the process for the assemt)}y of PGR generated fragments by cloning methods to assentbte a 
done that directs the synthesis of an intron containing T7 RNA polymerase transcript. 
10 FIGURE 30 shows the sequences for HIV antisense sequences and the process for their doning into T7 directed 
transcription units. 

FIGURE 31 shows the doning steps for the combination of T7 (firected antisense into a done that contains the 
intron containing T7 RNA polymerase. 

FIGURE 32 shows the DNA sequences and subsequent doning steps for making a protein expression vector. 
15 FIGURE 33 shows a process for a combination of the polylinker sequence from FIGURE 32 and a T7 promoter and 
a T7 terminator for making a T7 directed protein expression vector. 

FIGURES 34 AND 35 depicts the design of a primary nudeic acid construct that wiU function as a production center 
to generate single stranded antiser^se DNA. . 

FIGURE 36 depicts the design of a primary nudeic acid construct that will generate a secondary nucleic add con- 
so struct capat)le of directing transaiption. 

FIGURES 37 AND 38 d^ict the design of a primary nucleic acid construct that will generate a dout4e hairpin pro- 
duction center (secondary nudeic acid construct). 

FIGURE 39 depicts the design of a primary nucleic acid construct that wiil generate a productk)n center (secondary 
nudeic acid constrict) capable of indudble suicide. 
25 FIGURE 40 depicts the design of a primary nudeic add construct that will use tRNA primers in vivo to make sec- 
ondary nudeic acid constructs capable of transcription. 
.. FIGURE 41 depicts the process of excision of normal sequences from a U1 transcript region aixl repiacen^ with 
novel sequences. 

FIGURE 42 shows the oligomer sequences for making HIV antisense sequences and the insertk)n.of these oligom- 
30 ers as replacement for a portkm of the U1 transcript sequence in a done containing a U1 operon. 

FIGURE 43 is a computer generated secondary structure prediction for U1 transcripts with HIV antisense 
sequence sut^stitutiorts. 

FIGURE 44 depicts the ck>ning process for making of a done that contains multiple HIV antisense containing U1 
operons. 

ss FIGURE 45 depicts the ctoning steps for constructing a done that contains multiple independent HIV antisense 
containing T7 directed transaipts. 

FIGURE 46 shows the final structures of the multiple operon constructs described in FIGURES 44 and 45. 
FIGURE 47 depicts the cloning steps for insertion of multiple T7 antisense operons into a vector coding for the T7 
Intron containing RNA polymerase. 
40 FIGURE 48 represents flow cytometry data measmng binding of antl-CD44 antibody to HIV resistant U937 cells. 
FIGURE 49 shows PGR amplification of the gag region indicating the absence of HIV in viral resistant cell line 
(2. 1 0. 1 6) after challenge. 

FIGURE 50 depicts a model system for testing the potential inhibition of HIV antisense sequences by using beta- 
galactosidase activity as an indtoator. 
45 FIGURE 51 is a table of data demonstrating the effect of the HIV antisense sequence upon beta-galactosidase 
activity by enzyme assays as well as in situ assays. 

DETAILED DESC RIPTION OF THE INVENTION 

SO pgflpltigng 

Some definitions for the terrrunology used in the art and/or in the present invention might be in order. 
Primary Nucleic Acid Construct. A composition consisting of nucleic acid which in a cell propagates Production 
Centers. 

65 Production Center. A nucleic acid mdecule derived from a Primary Nudeic Add Construct which in a cell is able 
to propagate other Production Centers or to produce single stranded nudeic acid. 

Propagation. The generation or fbmiation of a Production Center from a Primary Nucleic Acid Construct or the 
generation or forniation of a Production Center from another ProductkKi Center. 

Production. The generation of a single stranded nudeic molecules from a Production Center. 
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Inherent Cellular Systems. Cellular processes and components present In cells whldi can be utilized for the Pro- 
duction arxJ Propagation as well as the functicn o1 single stranded Nudec Add Products. Sudh processes and compo- 
nents can be native to the cell, or be introduced to the cell by artif idal means or by infection by, for exanple, a vnru& 

5 1. Gene Transfer Mediated bv Ltoands 

The present invention is a defined chemically modified nucleic add construct (CHENAQ which, upon Introduction 
into a cell, is capable of biological function, Le,, production of a nudeic add, producfion of a protein in a cell or interac- 
tion with a nudeic acid or protein in a cell. The said chemical modification directly or indirectly renders the construct 

10 capable of one or rpore of the following properties: a) binding to a target cell b) nudease resistance c) provicfing a mech- 
anism for introduction of the nudeic add into cells d) providing nudease resistance within the cytoplaam e) fadlitating 
transfer of the nudeic add from the cytoplasm to the hudeus f) providing a longer lifetime within the ceil g) providing a 
signal for integration into cellular ONA. In the present invention, one or more of the above properties is capable of being 
provided without substantially interfering with the biological function of said nudeic add The present invention uses 

IS chemical modflication of nudeic add to attach directly or indirectly one or more figands or chemical mocfiflcations or 
other mdeties to a nudeic add construct A constnmt modified the addition of ligands or chemical modifications 
could further complex wHh otfier moieties . those moieties being natural or unnatural, modified or unmod^ed oligo- or 
polypeptides: polycations; natural or unnatural, modified or unmodified oligo* or polysaccharides; muftimolecular com- 
plexes; inactivated viruses; and any chemical binding, attachment or conjugation capable of complexing with the ligand 

20 or chenvcal moiety. The Modified Nudeic Add Constructs of the present invoition provide for the delivery of nudeic 
acid to eucaryotic cells Including the cells of plants, hurnans and other mammals and to procaryotlc cells. 

The present invention previses the capability to localize chemical modifications to regions of the CHENAC. TMs 
permits construction of compositions in which the segment of the CHENAC responsible for the biological function can 
be segregated from modified region(s) responsible for the properties listed above in cases where the addition of ligands 

2S or chemical modifications could be disruptive to biological function. In cases where ligands or chemical modifications 
can Interfere with Inological activity, chemically modified segments of the CHENAC could be segregated from the con- 
struct &ut)sequent to introduction into the cell by displacement or loss of mocfif led segments. 

In one aspect, this invention provides a construd which when present in a cell produces a product the construct 
comprising at least one modified nucleotide, a nudeotide analog and a non-nucleic acid entity; or a combination of the 

30 foregoing. The modified nudeotide may be chemically nvxirfied as described further below When present In the con- 
struct, at least one of the nucleotide analog or analogs may also be modified either on the badtene or the side chain 
or on tx>th positions. With respect to tiie nonniudeic acid entity tiiis element may also be attached to a single strand or 
both strands of the construct when the latter is doutiie stranded. 

The non-nud&c acid entity or entities may take any number of diverse fomis. These indude natural polymers, syn- 

ss thetic polymers, natural ligands and synthetic ligands. as well as combinations of any and all of the foregoing. When the 
non-nudeic add entity or entities take the form of a natural polymer, suitable members may be modified or unmodified. 
Natural polymers can be selected from a polypeptide, a protein, a polysaccharide, a fatty add. and a fatty ackl ester as 
wen as any and ail combinations of the foregoing. 

When the present invention oomemplates the use of a synthetic polymer for the non-nud^ add entity or entities. 

40 homopdymers and heteropolymers may be employed. Sudi homopolymers and heteropolymers are in many ways pre- 
ferred when they carry a net negative charge or a net positive diarge. 

It is significant tiiat the atx)ve-descrbed construct of the present invention can be designed to exhibit a further and 
additional biological activity which is usefully imparted by incorporating at least one or more modified nudeotides, 
nudeotide analogs, nudeic add entities, ligands or a combination of any or all of these. Such btdogical activity may 

45 itself take a number of forms, induding nudease resistance, cell recognition, cell binding, and celluiar (dtoplasmic) or 
nudear localization. 

The nudeic add of the CHENAC can be DNA. RNA, a combination of RNA and DNA, e.g., a DNA-RNA hybrid or 
a chimeric nucleic add, such as a DNA-RfsJA chimera. The nucleic add components of the CHENAC can be single- 
stranded or double-stranded. The nudeic add component can be all or in part a modified nudeic add or a nudeic add 
60 analogue. Modified nudeic adds are polymers capable of tending to complementary regions of nulceic adds and which 
contain chemical modifications of the sugar, base or phosphate moieties. 

Nudeic acid analogues are pdymers capable of binding to a complementary nudeic add and in which these poly- 
mer baddbones are other than ribo- and deoxyribose sugars and phosphate groups or in which side chain groups are 
other than natural or nrKXfified bases. Examples of nudeic add analogue pdymers indude peptide nudeic adds or 
ss which have side chains containing such non-discriminatory base analogues, or univesal t)ases, as 1 -(2'-deoxy-p-DHribo- 
furanosyO*3-nitropyrrole (Nichols et al. 1994 Nature 369;492,) or 2'-deoxynebularine and 2*-deQ)^nth08ine (Eritja et 
at 1986 Nudeic Adds Research 14;8135). bom publications being Incorporated hereih by reference.. 

Modified nudeic adds, nucleic acid analogues and other polymers with a net negative charge and/or a functional 
amino group(s) may facilitate the practice of this invention, since these properties provide for solubility, specifidty. 
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M. * 

^zyme function and binding, tt may be preferred that 8cmie of the functional sequences of nucleic acid may be natural 
or modified nucleic acid sequences such as promoter sequences, terminator sequences or priming bir^ng sequences. 

The nucleic add compon&it of the CHENAC can be single stranded. dodoAe stranded, panjally dmible stranded or 
even triple stranded. Further, such component can be circular or linear or branched, and may take the fomi of any DMA 
' 5 or RNA. it can contain both double stranded and single stranded r^ions and it can contain an non-complementary 
region, ag. a tail. Such a tail region could further be bound to complementeiry nucleic acd. For example, single 
stranded nucleic ackJ can be present as one or more regions of single stranded DNA as a gap between othenvise con- 
tinuous double stranded structure (see Figure S.Gap 2). Alternatively, linear single stranded nudttc add can be present 
as tails, or linear single stranded nudeic adds in which one end is bound to the CHENAC and the other end is free (See 
90 Figure 4 and 6a). Gaps and tails can be single stranded RNA or DNA or a variety of other polymers both natural and 
synthetic, induding modified nudeic ackte, nudeic add analogues, polysaccharides, proteins and other natural and 
synthetic pdymers. Such single stranded regions can sen/e as a means to segregate biological function from cfHter 
functions and as regions of complementarity for the binding of nudeic acids (as in Exanple 6b). 

The nucleic add conponents can contain one or more nicks in which 3**5* phosphodiester linkage between cord- 
is uent bases is (fisrupted (See Figure lb and 2b) 

LJgands or chen^cal modifications can be attached to the nudeic add. nxxJified nudeic add or nudeic add ana- 
logue by modification of the sugar, base and phosphate moeities of the constituent nudeotides (Engelhardt et aS., US 
Patent Na 5.260,433. fully incorpaated herein by reference) or to a non nudeic add segment of the CHENAC sudi as 
polysaccharide, polypeptide and other pdymers both natural and synthetic. Modrf icatrons of sugar and phosphate vno^ 
so eties can be preferred sites for terminal binding of Uganda or chemical nuxfifications and other moietiea Modifications 
of the base ntoleties can be utilized for both internal or terminal binding of figands or chemical mbdificatkm and other 
moieties. Modifications which are non-disruptive for bidoglcal function such as spedfic modifications at the 5 podtions 
of pyrimidines (Ward et al. U.S. Patent Na 4.71 1.955. and related divisionals) and the 8 and 7 positior^ of purines ( 
Engelhardt et al., U.S. Patent No. 5,241 .060 and related divisionals; Stavrianopoulos. ua Patent Na 4.707.440 and 
2S related divisionals) may t>e preferred. The contents of each of the aforementk>ned U.S. patents and their related dlvi- 
skxials are incorporated herein by referencei 

Chemical nxxiification can be Mted to a specific segment of the construct such as a tail or a gap. or dispersed 
throughout the CHENAC. Thus, the construct may contain at least one terminus, such a terminus comprising, for exanv 
ple, a pdynucleotide tail. Such a modified nudeic add, subsequently introduced into a cell, oouU be cBsplaced and /or 
30 replaced. 

|n a further emtxxiiment the present invention provides the construct, describe above, further comprising at least 
one ligand attached covalently or noncovalentty to one or more of the modified nudeotkie analogs, nonnudeic add enti- 
ties (a combinatbns of the foregoing). Such ligands and chemical modifications can be added directly to the CHENAC 
through oovalent and non-covalent Interacttons. Covalent additions can be nude by chemical methods (Engelhardt et 

35 al.) and enzymatic incorporation. Non-covalent additions can be made through nudeic add-nudeic add Interactton, 
antigen-antbody interaction, hydrophobic interaction and other interactions based on nuddc add sequence, nudeic 
add structure, protein strudure. Indired additions to the CHENAC can be made ty these same methods and interac- 
tk)ns. When included in the present invention, such ligand or ligands are attached to any portion or any form of the 
present construct Thus the ligand or figands can be attached to a single stranded segment, a double stranded aeg- 

40 ment. a single stranded oonstruct tail, a sequence complementary to a constmct tail or to any combinations of these 
portions or forms. 

Ligands or chonical modifications, being any chemicaLentity. natural or synthetic, which can be utilized in this 
inventkm indude macromolecules greater than 20.000 m.w. as well as small . molecules less that 20,000 m.w. The lig- 
and or ligands can Indude both macromolecules and small molecules. Macromolecules which can be utilized Indude a 

45 variety of natural and synthetk; polymers induding peptides and proteins, nucleic adds, polysaccharkles, lipids, syn- 
thetic polymers induding polyantons, polycations. and mixed polymers. Small mdecules Indude oligopeptkies. oligonu- 
deotides, monosaccharides, oligosaccharides and synthetic polymers induding polyanions, polycations, lipkte and 
mixed polymers. Snrmll molecules include monohucleotkles, digonudeotides, oligopeptkles, digosaocharides^ mon- 
osaccharides, lipids, sugars, and other natural and synthetic entities. 

so Ugands and chemical oKxJif ications provkle useful properties for nudeic add transfer such as 1) cell targeting enti- 
ties. 2) entities which fadlitate cellular uptake. 3) entittes specifying intracellular bcalization, 4) entities which facilitate 
incorporation into cellular nuddc add and 5) entities which inpart nuclease resistanca 

1) Cell targeting entities which can be utilized indude: 

65 

a) antibodies to cellular surface components and epitopes 

b) viruses, virus components or fragments of vine components wtiich have affinity for cellular surface con^- 
nents. These indude such proteins as tiie gp120 protein of HIV which binds to the CD4 receptor of T4 lym- 
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phocytes (Lever 1995 British Medical Bulletin 51 ;149, incorporated herein by reference). 

c) ligands which have affinity for cell surfaces. These include hormones, lectins, protans. oligosaccharides and 
potysaccharkies. Asialoorosomuooid. for exan^sle. binds to the cellular astaloglyooprotein receptor (Wb et al. 
1989 J Biol Chem 269:16985. incorporated herein by reference) and transfen'tn binds to transferrin cellular 
receptors (Wagner et al. 1 992 89; 6099. also incorporated herein by reference). 

d) polycations such as polylysine that bind nonspedf icaDy to cell surfaces (Wii and Wu) 

e) Matrix proteins such as fibronectin that bind to heniatopoietic cells and other cells (Ruoslahti et al. 1981 J. 
Biol. Chem. 256;7277, incorporated by reference), 

f) lectins which bind to cell surface conponentSw 



Entities which fadlitate cellular uptake include inactivated viruses such as adenovirus (Cristiano et al. 1993 
, Proc Natl Acad Sci USA 90,-2 122: Curiel et al. 1991 Proc Natl Acad Sci USA 88:6850, all of which are incorporated 
by reference); virus components such as the hemagtutinating protein of Influenza viais and a peptide fragment from 
it. the hemagglutinin l-IA-2 N-tennmal fusogenic peptide (Wagner et al. 1992 Proc Natl Acal USA 89;7934, also 
incorporated herein referertce). 

Entities which specify cellular location include: 

a) nuclear proteins such as histones 

b) nucleic add spedes such as the snRNAs U1 and U2 which assodate with cytoplasmic proteins and tocalize 
in the nudeus (Zieve and Sautereauj 1990 Biochemistry and Molecular Biology 25:1. incorporated by refer- 
ence) 

4) entities which fadlitate Incorporation into ceflular nudeic acid include: 

a) proteins wftich function in integration of nudeic acid into DNA. These indude integrase site specific recom- 
binases (Argos et al. 1986 EMBO Joum 5; 433, incorporated by reference); and 

b) homologous nucleotide sequences to cellular DNA to promote site specific integration. 

5) Entities which impart nuclease resistance modifications of constituent nudeotides Inducing addition of halogen 
atoms groups to the 2' position of deoxynudeotide sugars. (Braket et al., U.S. Patent Applicatton Serial No. 
07/446,235. ffled on Decemi>er 4, 1989, incorporated by reference). 

Ligands or chemical modif k^ations can be introduced into CHENACs either a) directiy by conjugation, b) by enzy- 
matic incorporatk>n of mocfified nudeoskJe triphosphates c) by reaction wrtii reactive groups present in constituent 
nudeotides and d) by incorporation of modified segments. These processes indude both chemk»l and enzymatic 
methods. Enzymatk; methods indude primer extension, RNA and DNA ligation, random priming (Kessler et al. 1990 
Advances in Mutagenic Research. Vol. 1. Springer Verlag, pp 105-152). nick translation (Rigby et al.. 1977, J. Mol. BM. 
113, 237). polymerase chain reaction (Saiki et al., 1985 Sdence 239. 487). RNA labeling methods utilizing T7. T3 and 
SP6 polymerases. (Melton et al. 1984 Nudeic Adds Research 12. 7035; Morris et al. 1986 Gene 41.193). terminal 
addition by terminal transferase (Roychoudhury et al. 1979 Nudeic Adds Research 6, 1323). Chemical methods 
(described in Kricka. 1995 Nonisotopk: Probing, Blotting and Sequ^idng. Academic Press) include direct attachment 
of ligands or chemical modifications to activated groups in ttie nudeic add such as allylanune. bromo, thio and annino; 
incorporation of chemically modified nudeotides during chemical synthesis of nudeic add (Cook et al. 1988 Nuden 
Adds Research 16, 4077; Stavrianopoulos U.S. Patent Na 4.707.440 and related divisionals). chemical end labeling 
(Agrawal et al. 1986 Nudeic Acids Research 14, 6777); labelling of nucleic add with enzymes (Jabk>n8ki et al., 1988 
Nucleic Adds Research 14, 61 1^. All of the above-listed publicatk>ns and US. patent are herein incorporated by ref- 
erence. 

CHENACs can be prepared by the incorporation of nucleic acid segments modified by ligands or chemical modifi- 
cations. Constructs can also be prepared by the incorporatk)n of unmodified nudeic add segments together with other 
segments. Segments incorporated into constructs can be single stranded or double stranded or composed of both sin- 
gle and double stranded regions. Such segments can be composed of DNA, RNA. a combination of DNA and RNA. or 
chimeric nudeic adds. All or part of a segment can be composed of modified nudeic acid or nudeic acid analogue. All 
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or part of a segment can contain natural or synthetic pofymers. A segment can be prepared any of the chemical 
methods and enzymatic methocte listed abova 

The present inventiori provides for choice of localization of ligands or chemical mocfifications. In order that such 6g- 
ends or chemical modifications do not interfere with biological activity segments with biological activity can be isolated 

5 from modified segments in the CHENAC. Also, modifications can be confined to a region of a segment For example, a 
specific primer labeled with Ugancte or chemical modif icatiors of choice can be hybridized to a del'med region of the 
construct, and polymerization can be done in the presence unmodified nucleotides in order to confine the ligands or 
chemical modifications to a defined area of the primer. Alternatively, an unmodified primer can be used to synthesize in 
the presence of modified nucleotides to confine the ligands or chenvcal nuxfif ications to the non-primer region of the 

10 strand. Attematively. by using a prin^r containing ligands or chemical modifications, labeling can done be throughout 
the strand or through complementarity to a tail. 

Regions of biological activity in constructs can specify coding for RNA (such as antisense RNA or rbozymes as 
descrit>ed in this patent Exanrple 26) or fdr RNA which in translated into protein or for DNA. Regions of biological activ* 
Ity in CHENACs can contain sequences for hybridization with intracellular nucleic add sequences, integration into eel- 

IS lular DNA. termination sequences, primer sites, promoter sites and processirtg signals cuid sequences. 

In one preferred embocfiment the construct of the present invention cam'es a net positive charge or a net negative 
charge. Further, the construct can be neutral or even hydrophobic. It should not be overlooked that the construct n^ 
comprise unmodified nucleotides and at least one other member or element selected from one or more nudeotkje ana* 
logs and non-nudeic acid entities, or both. 

20 Another significant emtxxfiment of the present invention is a construct which when present in a cell produces a 
product the construct being bound non-ionocally to an entity comprising either a chemical modification or a figand addi- 
tion, or both. As in the case of the other above-described construct this construct may also comprise at least one ter- 
minus, such terminus comprising a polynucleotide tail. The polynucleotide tail is hybridizable or hybridized to a 
complementary polynucleotide sequence. An antibody to a double stranded nud^c add can be directed and thus 

25 bound to such hytsridized polynucleotide tail sequences. The antibody can comprise a polydonal antibody or a mono- 
clonal antibody. 

■ 

^. UnWersal Gfene Delivery 
30 Other useful terms and definitioris indude the following: 

Nudeic Acid Component: a compound or composition in a cell capable of produdng a product. The composition 
comprises a nucleic add sequence desired to be delivered to a cell induding polynudeottie, mocfif led nudeic add 
and nudeic add analogues which can be single stranded or double stranded RNA or DNA. RNA/DNA hybrid mol- 

35 ecules and chirneric nudeic acids; nucleic add construct and chemically mocfified nucleic add constructs (See 
Exanples 1 through 13): viruses Including animal viruses such as adenovirus, adeno associated virus, retrovirus 
and plant viruses and bacteriophages; plasntids including the Ti plasmid; or plasmid derivatives that have encap- 
sidated into viral partides by virtue of packaging signals. Nucleic Add Components can be produced in vivo or 
assembled in vitro or produced chemk»lly or produced by tiie techniques of recombinant DNA. The product pro- 

40 duced from the Nucleic Add Component in the ceil could be a pdynudeotide induding mRNA. antisense RNA or 
DNA. ribozymes or it could be a protein or a protein product 

Doneln: A Domain is an entity that has a segment that binds non covalentty either to a ceil or to a Nudeic Add 
Component 

Binder: A Binder is a carrier or matrix that indudes at least one Domain. 

The present invention overcomes the limitations of prior art by provkjing a composition and method for unlvaisal 
and effident nudeic add transfer. The nudeic add. whether in a virus vector, in a nudeic add construct or as pdynu- 
60 cleotide. can be introduce into a wide variety of cell types. Furthermore, the use of virus vectors in this invention is not 
limited to a specific or a unique viruses but a wide variety of virus vectors can be used. This invention Is universal in two 
respects: 1) any Nudeic Add Component can be applied either in vivo or in vitro and 2) any target cell can be used. 
In the practice of this invention H is possible to: 

65 1} bring into dose proximity the Nudeic Add ConqxHient and the target cell; and 
2) provide specif k:ity between the Nudeic Add Component arxl the target cell. 

3} enhance nudeic acki transfer to the cell by provkiing Competence Rictors whk:h enhance nudeic add transfer 
through enhancing cell growth, cellular uptake of nudeic acU. cellular localization of nucleic add and integration of 
nudeic into cellular DNA. 
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The present imrention provides mater^e arvi mthods for the delivery of nucleic adds to cells. The spectfldty 
and/or proxirrdty are provided through an irrtermedate. a Binder which consists of at least one Domaia If the Binder has 
at least one Domain to the target cell, then the Bind®* is attached to a Nucleic Add Component. If the Btia& has at 
least one Domain to a Nucleic Add Component, then the Binder Is attached to a target cell. If the Binder has at least 
5 one DonnaIn to both the Nudeic Add Component and the target celt the Domain to the ceQ is different from the Domain 
to the Nucleic Add Component 

One of the significant embodiments of the present invention is a compositk>n comprtsirig a non-natural entity which 
in turn comprises at least one domain to a nudeic add component; and at least one domain to a cell of irrteresL The 
domain or domains to the nucleic add component are different from the donrain or domains to said ceQ. Optional ele- 

10 merits may be added to this composition or non natural entity including the nudeic add component the cells of interest 
or both such nucleic add component and such cells. 

The entity can, of course, comprise a binder. Further, the kinder and the domain in the non natural entity can be 
the same or they can k>e different 

A B\n6& is a support or matrix that is composed of at least one Domain. A Binder can be natural or synthetic, such 

IS as a polymer, support matrix or carrier (or corr^ination of these). The binder oonprises at least one Dommn to a 
Nucleic Add Component or to a cell of interest or to both. As such, the Binder can t>e a morxifunctional or bifuncKonal 
entity. In the case of a monofunctional Binder, only one Domain is present, either to the Nudeic Add Componoit or the 
cell of interest In the case of a bifunctional binder, at least two domains are present, one to the Nudeic Add Component 
and the other to the ceil of interest. Where two domains are present in the k>inder, i.e., a lixfunctionai binder, the domain 

20 to the Nucleic Add Component is different from the Domain to the cell of interest. In some cases Domains and Binders 
can be the same entity, such as an antibody that has a segn^nt (an f=ab region) that binds to an epitope and has an Fc 
segment that can f undion as a support for attachment 

A Domain is an erttity that lias a segment that k>inds either to a cell or to a Nucleic Acid Compon^ Domains can 
be natural or synthetic polymers including oligq)eptides, polypeptides, oligosaccharides, polysaccharides, oligonude- 

25 otides and pdynucleotides. These indude monoclonal antibodies, polycbnal antft)odie5, polycations such as 
polyamines, ligands to cell surtace proteins, extracellular matrix proteins and I'lgands and their binding partners. These 
can be produced in vivo or asserrirfed in vitro or produced chemically or produced by reoomt>inant DNA techniques. 

Domains provide binding to cells or to NA Entites through specific or non-specrf k; binding through a variety of inter- 
actions including nucleic add-nudeic acid interaction, antigen-antftxxiy interaction, receptor-ligand interaction, hydro- 

30 phot>ic interaction, polyionic interaction and other interactions based on rtucleic add spedfidty, nudeic add sequence 
and proteins capable of specifically binding to such sequences or secondary strudures or combinations thereof. Inter- 
actions between ligand binding pairs and between complementary nudeic ac'd sequences may be preferred for the 
application of this invention. These indude a nucleotide sequence recognized by a complementary sequence, an anti- 
gen by an antlxxly. a lectin recognized by its cognate sugar, a hormone recognized by its receptor, an inhibitor recog- 

3$ ntzed by an enzyme, a cofactor recognized by its cofactor enzyme binding site, a binding ligand recognized by its 
substrate and combinations of the foregoing. 

Antibodies provide useful Domains. Monoclonal and polyclonal antibodies and fragments of these can be used. 
Antibodies can be obtained from sera, from hybridomas and by recombinant DNA methods. Bispedf ic antibodies which 
have the capability to bind to two different epitopes can also be usefuL These can be hybrid hyk>ridomas (Staerz and 

40 Bevan 1986 Proc Natl Acad Sd USA 83;1453). heteroantibodies produced by chemical conjugation of antibodies, or 
fragments of antitxxlies, of different specificities (Fanger et a1. 1992 Critical Rev Immunol. 12;101). bispedfic single 
chain antibodies (Gruber et al. 1994 Journ Immunol 152;5368) produced by genetic engineering and dialxxiies (Hd- 
liger et al. 1993 Proc Natl Acad Sd USA 90;6444) produced by genetic engineering. All of the foregoing publications 
are incorporated herein by reference 

45 Useful Domains with non-specific cell binding properties indude molecules with polyionic properties such as poly- 
cations induding polylysine. protamine, histones or segments or fragments thereof. 
Useful Domains with specific cell binding properties indude: 

1) those with binding affinity for a natural cell con^xxient epitope or ligand. Such cell birxiing domains indude lig- 
50 ends specific to cell receptors such as hormones, mono- arid oligosaccharides, viral proteins which recognize cell 

receptor sites, extracellular matrix proteins such as fibronectin and fragments thereof, antibodies to cell proteins 
and fragments thereof. 

2) those with binding affinity for a non-naturally introduced ligand where a) the ligand is attached to a cell by chem- 
55 leal means such as by reaction with a tyrosine or amino group of a cellular surface protein or b) the G^nd is indi- 

rectly attached to a cell non-spedf ically. 

Useful Domains with non-specific Nucleic Add Component binding properties indude those which bind norvcova- 
lently and not through a ligand/receptor system. Examples are polycations such as polylysine and Nstones tfiat bind to 
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nuddc acid. 

Useful Domains with spedftc Nucleic Acid Component binding properties indi^le: 

1) those with bindng affinity for a natural component of a Nucleic M6 Component, epitope or ligand. These 
5 include: 

a) antibodies to nucleic acid including antibodies to double stranded and single stranded DNA, to double and 
single stranded Rf4A or to RNA/DN A hybrids; proteins with nucleic acid binding properties such as the Cro pro- 
tein of bacteriophage lambda which t»nd$ to a sequence of 17 base pairs (ArxJerson et a). 1981 Nature 

10 290;754. Incorporated by reference). 

b) antibodies to an ^ope or receptors for a ligand of a Nudeic Acid Component These include antibodies to 
viral proteins, cellular receptors and virus binding proteins, such as the CD4 protein of lymphocytes. 

15 2) artificial specific binding systems (Domains) can be formed by chemically introducing a figand to the Nudeic Add 
Component where said ligand has a oorrespondirtg receptor. Such specific ligands or ef^topes can be artifidally 
introduced by chemical modif ication of a tyrosine or amino group of. for example, a vector virus protein. 

Binders pc^sessing two Domains can exist naturally or they can be prepared synthetically or artrfidaQy. For exam- 

20 pie, a Binder which possesses one Domain with cell binding capabilities can be associated with a Domain vnth Nudeic 
Add Component birxJing capabilities to form a bifunctional Binder. This assodation can occur by 1) oovalent attach- 
ment 2) by specific non-covalent attachment and 3) by non-specific non-oovalent attachment or 4) as a fusion peptide 
prepared by recombinant DNA technques. 

In the above-described composition of this invention the nucleic add component can take a number of different 

25 forms including a nudeic add. a nucleic acid construct a virus, a viral f ragmiant a viral vector, a virold. a phage, a plas- 
mid. a plasmid vector, a bacterium, and a baderial fragement as well as oornbinations of these. The cell of interest can 
t>e prokaryotic or eukaryotic. As described elsewhere in this disclosure the domains can be attached nonoovalently or 
through a binder or through combinations of these. Where noncovaient binding is used, ionic Interactions and/or hydro- 
phobic interactions are preferred. In addition the noncovaient binding can comprise a specific oomplcpc. e.g., a specific 

$0 complex mediated by a ligand binding receptor. The ligand binding receptor can itself take a number of forms. Suitable 
tx/t not necessarily limited to these members are a polynucleotide sequence to be recognized by its complementary 
sequence: an antigen to be recognized by its correspom£ng monodonal or polydonal antibody, an antibody to be rec- 
ognized by its conesponding antigen; a lectin to be recognized by its corresponding sugar; a hormone to be recognized 
by its receptor; a receptor to be recognized by its hormone; an inhibitor to be recognized by its enzyme; an enzyme to 

35 be recognized by its inhibitor: a cof actor to be recognized by its cofactor enzyme binding site: a oofactor enzyme binding 
site to be recognized t>y its cofactor; a binding ligand to be recognized by its sii)strate; or a combination of the forego- 
ing. 

Another aspect of the present invention concerns the composition, described at)ove, wherein the domain to the 
nudeic add component and the domain to the cell of interest are natural, and the kxnder is attached to the nucleic add 
40 component by means other than a natural binding site. Here, as in other embodiments, the binder can comprise modi- 
fied fbronectin or modified polylystne or both. 

Cells of interest containing or assodated with tiie above-desaft>6d compositions may be contained within a bidog- 
ical system, such as an organism. 

Also provkfed are methods for Introdudng a nudeic add compon&it. as desaibed above, into a ceQ. Essentially 
45 the method comprises providing any of the above-described compositions and administering these to an appropriate 
bidogical system. Administration can be carried out in vivo or ex viva 

This invention also contemplates kits which are useful for introducing a nudeic acid component Into a cell of Inter- 
est These kits comprise in packaged containers or combination a non-natural entity which comprises a! least one 
domain to a nudeic acki component, and at least one domain to the cell of interest Optionally induded in such kits are 
50 the nucleic add components, the cells of interest and buffers and instrudions. 

Another significant embodiment is a composition conprising an entity which comprises at least one domain to a 
cell of interest wherein the domain or domains are attached to a nudeic add component which is in non double 
stranded fbmi. As elsewhere, the entity can comprise a binder, and ttie binder in the domain can be the same or they 
can be different. Anx>ng others the binder can comprise a polymer, a matrix, a Sii9)port or a combination of these. The 
55 cell of interest can be prokaryotic or eukaryotic. As also described above, the nudeic add component can take a 
number of forms induding but not limited to a nucleic add. nucleic add construct, nudeic acid conjugate, a virus, a viral 
fragment, a viral vector, a virdd, a phage, a plasnrtid. a plasmid vector, a bacterium, and a bacterial fragnient or combi- 
nations of these. The domain can comprise covalent bonding or noncovaient binding, or b6&i. Preferred as noncovaient 
txnding are ionic interactions and hydrophobic interactions (or botii), and a specific conplex e.g., a specific complex 



14 



EP0 779 365 A2 

mediated by a ligand binding rec^^tor. Such iigand tending receptors have been d^abed above. The ceil of interest 
which is part of the composition may be contained witNn an organism. This last described composition can iikewtse be 
usefully employed in a method for introducing a nucleic add component into a cell. This process has also been 
desaibed abova 

5 Kits for introducing a nucleic acid component into a ceil of inters can be fashioned from this conpositfon. Such a 
kit comprises in packaged containers or combinations an entity which comprises a domain to a cell of interest, wherein 
the domain is attached to a nucleic acid conponent which is in non-double stranded form. Buffers and lnslnictk>ns may 
be optionally included. 

This invention also provides a composition comprising an entity which conprises a domain to a nudelc add com- 
10 ponent wherein the domain is attached to a ceil of interest As further embodiments of this just described composition 
are the entity, the binder, the domain, nudeic acid component, the cell of interest the covalent bonding and nonocvalent 
binding of the domain, the ionic and hydrophobic interactions, the specific complex (induding Its mecfiatton by a ligand 
binding receptor), the ligand binding recepta. as well as organisms, methods and kits for introdudng nudeic acid com- 
ponents into cells containing the cell of interest are all as variously described atxsve. 

15 

ATTACHIi^ENT OF NUCLEIC ACID COMPONENTS TO h/IONOFUNCTIONAL BINDERS 

I 

1) Covalent Attachment of a Nucleic Add Compon ent to a monofunctional Binder which possesses a Domain to a cefl. 

20 Covalent attachment can occur by direct coupling between reactive groups inherent to a Domain or Binder or by 
the use of a bifunctionaJ crosslinker. Also, reactive groups can be introduced into Domains and Binders In order to fadl- 
itate such covalent attachment, attachment to proteins, for example, can occur through reactive amino ff'oups or tyro- 
sine residues. Attachment can be made by protein-protein conjugatioa Covalent attachment can also be made to 
polysaccharides and to polynudeotides. Covalent attachment to a nudeic acid, modified nudeic add or nudeic add 

25 analogue can be made through modification of the sugar, base or phosphate moieties of the constituent nudeotides 
(Engelhardt et at, US Patent No. 5,260.433. incorporated by reference). Also, nudeotide analogues can be introduced 
into nucleic acid to provide reactive groups, e.g., allylamlne groups (Ward et al. U.S Patent No. 4,771 1 .955 and cSvision- 
ats. also incorporated herein by reference) and proteins can be covalently attached to these as described below using 
N-maleimido tri(aminocaproic) add N-hydroxysucdnirtiide ester as a bifunctional coupler. Modifications of sugar and 

30 phosphate mdeties can be preferred sites for terminal attachment of ligands and other mdeties. Modifications of the 
base moieties can be utilized for both Internal or terminal attachment of ligancte and other moieties. Modifications can 
include those which are non-disruptive for hybridization such as specific modifications at the 5 positions of pyrimidines 
(Ward et at, U.S. Patent No. 4,71 1 ,955 and related divisionals). Modifications of the 8 and 7 positfons of purines (Eng- 
Ihardt et al. U.S. Patent Na 5.241,060 and related divisionals) and Stavrianopoulos. US. Patent Na 4,707.440 and 

35 related divisfonals) may be preferred. In one embodiment, the chemical nrxxJification in the construct or construct com- 
ponents may be effected to a moiety independently selected from a t>ase. a sugar, and a phosphate, or a combination 
of any or all three. 

Direct covalent attachment of a Nudeic Add Component to a Monofunctional Binder can be illustrated by attach- 
ment of a double stranded DNA molecule (the Nudeic Add Component) to an antibody which binds to a cell surface 
40 component (a monofurtctfonal Binder). For example, an antibody which binds to the CD4 component of lymphocytes 
can be covalently attached to a double stranded DNA (a Nucleic Add Conponent) which has been modified by the 
incorporation of nudeotides containing allylamine in order to provide a primary amine as a reactive group. The covalent 
attachment can be made as described below using N-maleimido tri(aminocaproic) add N-hydroxysuodnimide ester as 
a bifunctional coupler. 

45 Rbronectin can also be used for the covalent attachment of a Nucleic Acid Component for delivery of nudeic add 
to ceils. For exanple, f ibronedin, a f ibronectin fragment or f ibronectin containing compounds can be attached to either 
a polynudeotide or to a virus vector. For example, f ibronedin can be covalently attached to an allytamine group off a 
Nucleic Add Component. A virus vector Nudeic Add Conponent. such as adenovirus, can also t)e oovalentty bound to 
f ibronectin by protein-protein conjugation. The covalent attachment can be made as described t>elow using N-maleim- 

50 ido tri(aminocaproic) acid N-hydroxysucdnimide ester. 

21 Specific non-covalent attachment of a nudeic add component to a monofunctional binder which possassas a 

65 Non-covalent attachment of a Nucleic Add Component can occur through complementary nudeic acid binding. A 
Binder composed of an antibody to a cell surface protein can be covalentiy coupled to a single stranded DNA by 
allytamine groups incorporated into the DNA as described below using N-maleimido triaminocaproic add N-hydroxy- 
sucdnimide ester as a bifunctional coupler. The single stranded DNA is attached through complementarity to a tail 
sequence of a Nudeic Add Component For example, an antibody to a CD4 cell receptor can be covalentiy attached to 
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*«. 

a eingle stranded DNA motecule which is oompl&nentary to the single stranded taO of a construct (such as the one 
desaibed in Example 6) to deliver mideic acid to CD4 -i* ceQs. 

Fibronectin can be modified to provide for the nOT-covalent attachment of a Nucleic Add Component Rmmectin 
can be covatently attached to an antibody which has binding specificity for a virus vector such as adenvirus. Fitmtectin 
5 and anti-aderK)virus antibody are covalently attached by the use N-maleinvdo tri(anttrtocaprc»c) acid N-hydroxysucdn- 
imide ester as a bifunctional coupler as described k>elow. 

Non»SDedf ic non-covalent attachment of a Nudeic Add Component to a monofunctional Binder which possesses a 

Domain to a cdL 

10 

This can be achieved t>y the non-covalent attachment of a Domain, such as polytysine which binds to potynude- 
otides (Nucleic Add Component). Polytysine can attach to a monofunctionai Binder composed of a DNA oligomer mod- 
ified by the covalent addition of trilactyl lysyt lysine (Domain to a cell) as described in Example 1 of this patent The 
resulting entity can deliver nudeic add specifically to liver cells. 

15 

ATTACHMENT OF CELLS TO MONOFUNCTIONAL BINDERS WITH DOMAINS TO A NUCLEIC ACID COMPONENT. 

1) Covalent attachment of a c^l to a monofunctional Binder which possesses a Domain to a Nudeic Add Component 

20 A Binder with a Domain tor a Nudeic Acid Component can be covalently attached to a cell. For example, a mono- 
clonal antibody to adenovirus can be covalently attached to a cell to provide adenovirus binding sites on the cell sur- 
face. Covalent attachment of the antibody can be made by the use of N-maleimido tri(aminocaprolc) add N- 
hydroxysucdninvde ester as a k>ifunctiona] coupler. 

Synthesis of the bifunctional coMpler and its use for covalent attachment of proteins is described. Tri(aminocaprdc) 

2S acid is reacted with a threefdd excess of 3-maleimidQpropionic add N-hydroxysucdn!mide ester at a pH 7.8 for 30 flfiin- 
utes at room temperature. The pH is acjusted to 4.0 with acetic acid and the solution is freeze dried. The solid is tritu- 
rated with ethanol to remove unreacted 3-maleimidoproplonic add active ester and traces of etfbnol are removed In 
vaoium. The solid residue is dissolved in dimethyllformamide and filto^ed from the insolut^e salts and reacted with 1.1 
equivalents of dicyclohexyl carbosuccinimide at room temperature overnight The hydroxyurea is ren^pved filtration 

30 arid the dimethylfbrmamide is removed in high vacuum at 35^C. The semisdid residue is triturated with isopropand to 
remove unreacted dicydohexylcailMdiimide and N-hydroxysucdninrtide. The solid residue is washed with absolute 
ether and the ether traces are removed by vacuum leaving N-maleimido tri(aminocaproic) add N-hydroxysuodnintide 
ester (Compound I)- 

Cells are treated with Ellman*s reagent to block reversely thiol groups on the ceD surfaca The amino g^oaps on the 
35 cefl surface are reacted with Compound I in isotonic phosphate buffer at pH 7.8 for 30 minutes. Excess Component I is 
renrxsved by centrifugation of the cells at 1000 x g at room temperature for 5 nvnutes and decanting the supernatant 
fluid. The cells are resuspended in phosphate buffered Isotonic saline and reacted for one hour at room temp^-ature 
with an antibody to which thiol groups have been added. Thid groups are added to the antibody by reaction with homo- 
cysteine thiolactone at pH 9.0. 

40 At the end of the reaction the cells are reacted with 0.5 mM cysteine in phosphate buffered salint to reconstitute 
any Uod^ thid residues on the ceil surfacae, and the ceDs are washed by centrifugation in phosphated buffered 
safine. 

2) SoecHic no^covalent attachment of a cell to a monofunctional Binder which possesses a Domain to a Nudeic Add 
45 Component 

This can be accomplished by the covalent attachment of biotin to cell surface proteins using an N-hydroxysucdn- 
imide ester of Uotin (Enzotin, Enzo Biochem, Inc.). A binder composed of an antibody to adenovirus covalently attached 
(t>y the Fc portion) to avidin will bind to biotin molecules on the celt surface to provide adenovirus bindng to the cell sur- 
so face. 

a> Non-fipecrfic non«oovalent attachment of a cell to a monofunctjonal Binder with a Domain fbr a Nudeic Add Compo> 

nent 

66 F^lytyslne can be covalenty attached to the Fc portion of an antitxxjy to adenovirus. The polylysine/anti-adenovirus 
antibody will t»nd to the cell surfaces to provide attachment sites for an adenovirus vector. 
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BINDING OF CELLS TO NUCLEIC ACID COMPONENTS THROUGH BIFUNCTIONAL BINDER MEDIATION 



Such bifunctional Binders can be formed by the attachment of two Domains either directly or through a binder or a 
matrix The attachment can be oovalent, norbcovalent, noh-specafic non-covalent or specific norxovalenl Specific 

5 attachment of cells to Nudeic Add Components can be accomplished by the use of a bifunctional Binder. Such a Binder 
can be prepared by the association of a domain tor a Nudeic Add Component with a Domain for a cell. For example, 
an antibody to adenovirus can be oovalently attached by the Fc portion to potytysina An antibody to a ceO surface pro- 
tein such as CD4 can also be covalentiy attached to the poiylysine to produce a bifunctional Binder. 

A btfunctioal Binder can also k>e prepared by non-ccva)ent tending through hybridization of complementary nucleto 

10 acid strands that h^ve been attached to two different antibodies. The Fab fragment of an antibody to adenovirus can be 
modified by the addition of a homopolymer such as polythymidilic add (pdy T). The Feb fragment of an antibody to a 
cell surface marker, such as CD4. also be modeled by the addition of a homopolymer such as, in this case, polyadenyfic 
add (poly A). The two modified Fab fragments can be joined by A:T base pairing to provide for the d^ivery of adenovi- 
rus to CD4 -I- ceils (See Example 1 6 for the attachment of Fab fragments to homopolymeric polynudeotides. 

15 In addition to Domains and Binders, other entities can be provided to enhance nudeic add transfer. There can be 
directly or indirectly attached to a Nude'c Ackl Conponent. to a Binder or to a Donrain. Attachment can t>e made by the 
methods described atX3ve for the covalent and non-covalent attachment of Nudeic Acid Conponents to Binders and 
Domains. These entities indude; 

20 1) entities which enhance cell growth. These indude extracellular matrix proteins such as fftyonedi n , which 
enhance the growth and the transformation efficiency of cells. 

•t 

2) entities which facilitate cellutar uptake . These include inactivated viruses such as adenovirus (Cristiano et al. 
1993 Proc Natl Acad Sd USA 90;2122: Curiel et al. 1991 Proc Nati Acad Sd USA 88:8850, all of wftich are inoor- 

25 porated herein by reference), virus components such as the hemaglutinating protein of Influenza virus and a pep- 
tide fragment from it, the hemagglutinin HA-2 N-termin^ f usogenic peptide (Wagner et al. 1 992 Proc Nati Acal USA 
89;7934, incorporated by reference). 

3) entities which facilitate Incorporation of nudeic add into cellular nudeic add . These indude integrase she spe- 
so . cif ic recombinases (Argos et al. 1986 EMBO Journal 5; 433. also incorporated by reference). 

4) entities which function in cellular k)calization of nucleic add. These indude nudear proteins such as histones 
and nucleic add spades such as the snRNAs U1 and U2 which associate with cytoplasntf c proteins and localize in 
the nudeus (Zieve and Sautereauj 1 990 Biochemistry and Molecular Biology 25; 1 . incorporated reference). 

Factors unattached to a Nudeic Add Construct, a Binder or a Domain can also fadlitate ruideic add transfer by 
increasing the competence of cells tor nudeic add transfer. These indude factors which act to promote cell growth and 
are be added to target cells during, before or after the process of gene transfer in vivo or ex viva These indude: 

40 1) growth factors such as IL-3, IL-6. GM-CSF. Epo and SCF which stimulate cell growth (Paisscn et al.. 1993 Bio- 
technology 11;368: Kbiler et al. 1993 Biotechnology 11;358: Kdler et al. 1993 Blood 82;378. both of which are 
incorporated by reference) and 

2) entities such as matrix proteins, their fragments or compounds containing these moieties, ag., faranectin, which 
45 form a cell binding matrix v^ich promotes cell growth. 

The present invention provides one or more of such effects in vivo or ex viva Such in vivo or ex vivo effects include 
the following: 

50 1 ) bringing a Nucldc Acid Component and a target cell into dose proximity 

2} providing specificity for the Interaction between the Nudeic Add Component and the target cell. 

3) facilitating introduction of the Nudeic Acid Component to the target cell. 

4) enhancing ttie cells capability to be transformed. i.e., the competence of the cell, by providing growth factors, 
matrix support and other factor& 

5) providing for localization, integration and stability of the Nucleic Acid Component and derivatives of the Nudeic 
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Acid Component in the ceH 

6} providing a Nudeic Acid Component or a derivative of it which in the cell is capable of producing one or more 
products which include antisense RNA, antisense DNA, sense RNA, ribozymes, decoys, mRNA and proteins. 

5 

a. MuHlmeric ComplexftS 

The present invention provides r^jvel methods and conr^positions to form muttimenc complexes in whi^ tne indlvid* 
ual components enjoy retention of their monomeric activity while also maintaining solubility after bang joined together. 
10 Such a multimeric complex consists of more than one monomeric unit, either bound to each other nonocvalently 
through a polymeric interaction or noncovalently bound to a matrix by a polymeric interactioa 

The present invention provides a multinf^ric complex composition comprising more than one monomeric unit 
attached to eac^ other through pdymeric Interactions or attached to a binding matrix through polymeric interactions or 
a oonblnation of both interactions. The polymer or oligom^^ of the nx>nomeric unit can be linear a branched, and it can 
IS comprise a homopolymer or a heteropolymer. The monomeric unit can comprise an analyte-spedfrc moiety such as 
one which is capat^e of recognizing a component in a biological system, ag.. a virus, a phage, a bacterium, a cell or 
cellular material, a tissue, an organ or an organism, or comt>inations thereof. 

The analyte-spedfic moiety can take a number of forms including its derivation or selection from a protein, a 
polysaccharide, a fatty acid or fatty add ester and a polynucleotide (linear or drcular or dngle stranded) or a combina- 
20 tton of these. As an analyte-spedf ic moeity such a proton can comprise an antObody (polydonal or monodonal), a hor* 
• mone, a growth factor, a lympholdne or a cytokine, and a cellular matrix protein, or a combination of thesa 

A monomeric unit is an entity comprised of two elements. Said first element is a compound. Said seoond element 
is a polymer (or oligomer) capable of noncovalently binding, complexing or hybridizing either to the polymer or oligo- 
meric element of a second monomeric unit a to the polymer or oligomer that makes up a binding matrix. Among others, 
25 the monomeric unit can be selected from a naturally occurring compound, a modified natural compound, a synthetic 
compound arxj a recombinately produced compound or oomt>inations of such compounds. 
. Said compound may be an analyte specific moiety that is capai)le of recognizing and binding to a component in a 
biological system in vivo or in vitra A biological system can be comprised of celts, cellular components, viruses, viral 
components, drculating material, extracellular binding matrices or combinations thereof. The compound oouM be nat- 
30 urally occumng, a modified natural compound, a synthetic compound or a recombinant product It coukJ be a polydonal 
or nfK>nodonal antibody, complete protein chains or f(ab) fragments, from human or other spedes; it could be a lym- 
phokine, cytokine, hormone (e.g.. insulin), or growth factor (e.g., erythropoietin) or a cellular matrix protdn (ag. 
fibronectin); it could be a ligand, vector, bacterium, or virus, it could be a monosaccharide, ollgosaccharkte. polysac- 
charide, polymideotide, protein, or Gpid. 
35 The polymers can be attached to the compounds either covalently or nonoovalentty. The oonpounds ooukf be cov- 
alently attached to the polymers through conjugation of reactive groups on the compound arxl the polymer. Either the 
conpound or the polymer or both could be chemically modified such that conjugation could be facilitated. Either the 
compound or the polymier could be modified such that a tigand such as biotin could be introduced to one and a receptor 
for the ligand such as avidin introduced to the other. 
40 It is preferred that the polynudeotide segment that is attached to a given compound does not bind to Itself or hybrid- 
ize together or is not substantially setf-complemenlary In the multimeric construct the component could be homoge- 
neous or heterogeneous, as long as the polymer segment on the homogeneous component or heterogeneous mixture 
or compounds can bind or hybridize to the same binding polymer or polynudeotide in the binding matrix. 

Polymers that are attached to the conpounds to form the monomeric units may t>e selected from the same group 
45 of polymers that comprise the binding matrices the proviso that tiiey should be able to bind together nonccvalentiy. 
The binding matrix is an entity comprised of a linear or branched pdymeric compound tiiat has more than one por- 
tion of a linear segment that is capable of noncoyalent binding to a linear segment of a polymer of a monomeric unit 

The linear segment could be comprised of a homopolymer. heteropolymer or co-pdymer, a synthetic pdymer, a 
natural pdymer. a polynudeotide, modified polynudeotide. or polynudeotide analog or polyionic compound. Thus the 
so binding matrix can comprise or take its selection from a pdypeptide. a polynudeotide and a polysaccharide or any com* 
bination. 

The t)lnding matrix Hself nuy or may not be attached to a compound or an entity. In Instances when the binding 
matrix does attach to a conrpound or ligand. K is preferred ti^at the binding matrix have reactive groups for such attach- 
ment eitiier, directiy (covalentiy) or Indirectly (noncovalently) to the compound. The prefened polymers that are oon- 
65 tained within the binding matrix or that are attached to the compound are those with a monomeric bacMaone containing 
a charged group, such as the phosphate baddxme of polynudeotidea The hydrogen bonding or tonfo slate of these pol- 
ymers could be further changed by the chemical modification of appropriate groups of the side chains or t)ackt)one of 
such pdymers. such as the introduction of chelator goups described in US Patent No. 4,843,122 or EP 0 285 057 61 
or amine groups described in US Patent Na 4,71 1 ,955. Ail of the contents of these aforementioned US. and foreign 
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patents are incorporated by reference into this cfisctoeure. 

The polymer attached to the corrpound and the polymer of the binding matrix could bind to each other ncnoova- 
lently through either Ionic interactions, hydrogen bonding, complementarity or polar interactions, inducfing dlpde-dipole 
interactions. 

5 When the binding is through ionic interaction, if the monomeric unit contains pdycationic segments, then the cor* 
responding binding matrix should have polyanionic segments, if the morK>meric unit has polyanionic segments, then the 
corresponding binding matrix should contain potycationic segments. 

Examples of positively charged polymers could be protamine or polylysine; soluble DEAE (diethylaminoethyl) cel- 
lulose, a DEAE d&ctran (a branched polysaccharide). 
10 Examples of negatively charged polynws are techoic acids (polymeric chains of glycerol or rit>itol molecules linked 
to each other by phosphodiester bridges), polyglutamic acid, carboxymethyl cellulose, dextran sulfate (a branched 
polysaccharide with 3 negatively charged sulfate groijps), and polyaaylic acid. 

When the binding is through hydrogen k>onding or complementarity, if the monomeric unit has a polynucleotide 
sequence attached, the corresponding binding matrix should have the complementary nucleic acid sequence. 
15 Binding matrix pdymers preferentially have net bnic charges or sufficient polarity to be soluble arid have the capa- 
. bility of noncovalent binding to another polymer of opposite polarity, charge, or complementarity Such a polymer ooidd 
be single or double stranded polynucleotide, RNA or DNA, nrxxJified or unmodified: pdynudeic acid analogs or any 
other synthetic polymer that exhibits such properties. 

Doii>le stranded nudeic acid can also act as a polyaruorec binding matrix. In this case the moiuyneric unit is 
20 attached to a polycationic entity such as pdylysine or polyamine. 

Another way of constructing such complexes is through protein-nucleic add interactions. Polypeptides that exhSxt 
high affinity levels for nucleic acids can be attached to desirable compounds to form monomeric units that can then be 
complexed together by binding to a nudeic acid polymer. The sequence of the nudeic acid polymer can be made up of 
multimers of binding sequences in the cases where the monomeric units are derived from sequence specific binding 
2s proteins such as the HIV TAR protein. However, the choice of the sequence of the nudeic add polymer can be com- 
pletely unrestricted In cases where the monomeric units are derived from sequence independent DNA bincfing proteins 
such as histone. 

One can optimize a given muKicomplex compound by adjusting the numt>er of monomeric unKes in a given l^tnding 
matrix such that one obtains the maximum number of compounds on a given binding matrix, while maintaining solubility 
30 and avoiding stearic hindrance to assure maximal functioning of the multicomplex construct. 

When the binding of a monomeric unit to the binding matrix is through ionic interaction of two oppositely charged 
polymers, the ratio of the monomeric unit to the binding matrix has to be adjusted such that the net charge or the charge 
distribution of the multicomplex construct is sufficient to maintain solubility. 

Such multimeric complexes are formed by introducing a polymer to an individual compound that can bind either to 
3S another polymer and/or can bind to a polymer of another compound. In the case of pdynudeotides. the binding could 
be through complementary sequences. The polymers could be homopolymers or heteropdymers. suffident in length to 
form a stable bond. In a statute bond formed by pdynudeotides, the polymer could be from approximately 5 to several 
thousand nudeotides in length. 

One aspect of these multicomplex units is the formation of complexes witti high affinity for the target entity. A multi- 
40 antibody complex of this invention will exhibit a much higher avidity for tiie target antigen than a single antibody. Such 
a complex will be useful therapeutically and fa in vitro diagnosis. In vivo such complexes could be used as more effec- 
tive immundogic reagents, including antiviral, antibacterial and antitumor agents. In the case of in vivo of such a 
multimeric cornplex. the preferred polymers are pdynudeotides or modified polynucleotides since nudeic adds are beX- 
ter tolerated imrruinologically. For in vitro diagnostics, such mutticonrtplexes could be used to develop more sensitive 
45 assay systen«. The sensitivity of any diagnostic system depends on two factors, the sensitivity of the signal and the 
affinity between tiie analyte and analyte specific moiety. If ttie affinity is not high enough there could be pract^ or the- 
oretical limits as to how much one could increase saturated binding in the system with the target entity. 

Furthermore, such complexes could be used for efficient gene transfonration both in vm or in vitro (as discussed 
in the disclosure). 

50 A certain concentration of the binding partner is required in order to obtain a certain level of binding in vivo as well 
as in vitro,, A muKimeric complex of biological binding elements, which upon binding to a cell can trigger biological 
effects in the.celi, would have a much higher binding affinity to a target cell than the corresponding monomeric unit 
Consequentiy much lower quantities of such a multicomplex compared to the monomeric unit would be needed to 
achieve the same physiological effect Examples of such biological complexes are homines, cytokines, lymphokines. 

55 growth factors, Uganda. A multicomplex of insulin could be useful in tiiat manner in diabetic treatment 

. In addition to being used to form more potent biological effectors, multimeric complexes or polymeric units of this 
invention can be used to form multimeric complexes or polymeric urvts of compounds which bind to eilok)gical agents, 
such as viruses, bacteria anti fungi, or to toxic compounds. These tending compounds oould be polydonal or mono- 
clonal antibodies, complete protein chains or F(ab) fragments, from human or other spedes; or the receptor protein of 
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the etiological agent or toxic compound. The binding of such polymers or complexes to the target is stronger than the 

binding of the monomers and these polymers or complexes can recognize and bind to low concentratioris of the etio* 
logical agent or the toxic compound. These compositions can be applied, therefore, for mc^-e effective therapeutic use 
against infection and toxicity. These products can be admtnstered to patients in vivo or could be used ex vivo for neu- 
. 5 traTization of potentiaQy infected or toxfe blood. 

In preparing such complexes, one woukl modify a compound, such that the binding of the compound does not inter- 
fere with its biological function or effects. The prefened attachment of reactive groups or oligomers or polymers cova- 
tently or through a complex would be via non<Jisruptive chemistry. Binding is through reactive groups in the compound 
that are within the active site, binding site or functional groups and binding is such as to allow maximal freedom with 
10 the least amount of disruption to the molecule. 

If desired, the spacing of the monomeric units can be predetermined by defining the nature of the region that the 
monomeric units are tXHjnd to the matrix to optimize their spacing so as to provide proper co-operative binding and also 
to reduce potential stearic hindrance. An example of this type of disposition of the monomeric units is shown In Figure 
23 from Example 18 where each nK>nomeric unit has been joined to a specif ic unique sequence that is complimentary 
15 to different portions of the M13 binding matrix. 

These multicomplex compounds coukJ further contabi many other entities as ligands, receptors, chemicid nKXffi- 
cations that either enhance their biological function, increase their solut3ility. provide further cooperative overafl binding 
or provide capability to bind to desired ceDs in vitro and in vivo. Thus another aspect of this invention is the composition; 
described above, further comprising an entity attached to the binding matrix. Such an entity can compr^ a ligand or a 
20 conpound which inaeases the binding of the binding matrix. Examples of such entities are the cellular matrix proteins 
• (fibronectin), lectins, polysaccharides, and polycationic polymers such as pdylysine and histones. 

Any of the above-desaibed compositions can be formulated as homogeneous forms or compositions or heteroge- 
neous forms or compositions. 

The above^escribed muttimeric complex composition (and its various emkxxiiments) can be usefully employed in 
ss a process for delivering a cell effector to a cell. In such a process one would provide the multinieric complex corrposition 
wherein the monomeric unit of the composition comprises a cell effector and administer the composition either in vivo 
or ex vivo. In addition the multimeric complex composition can be employed in a process for deliveririg a gene or a gene 
fragment to a celt. Here, one would provide the multimeric complex composition wherein the monomeric unit comprises 
the gene or gene fragment to be delivered and would administer such conpositlon either in vivo or ex vivo as the case 
30 maybe. 

Another useful multimeric composition comprises more than one component attached to a charged polymer. The 
charged polymer is selected from a polycationic polymer, a poiyionic polymer, a polyrtucleotide. a modified polynucle- 
otide and a polynucleotide analog as well as corri^inations of the foregoing. Such a component can comprise a protein, 
e.g., an antibody (polyclonal or monocfonal), an F(ab')2 fragment or both. The antibody can be further oonrpleKed with 
3S a target comprising an enzyme. 

4. Intron Inactivation 

The present invention provides (1) a urtiversal composition for conditional nudeic acid processing by the introduc- 

40 tion of a processing element into a nucleic acid sequence produced from a construct Introduced into a ceil. Said pro- 
duced nucleic acid is processed in a compatible cell. i.e.. a cell capable of processing RNA by removal of the processing 
element. Said RNA is not processed in an incompatible cell, i.e:, a cell capable of processing RNA by removal of the 
processing element and (2) a binary biological function in which a single nucleic acid construct bearing at least two 
operons or transcriptional units non-native to a cell when introduced into said cell results iri the proton gene product of 

45 one of the operons impacting.the the protein gene product(s). 

The present Invention provides a novel method and constructs for capability for the conditional inactivation of a 
gene by the use of a non-native, or heterologous, processing element which only permits gene expression in compati- 
ble cells. The method utilizes the inti'oduction of a heterologous processing element into the coding region of a desired 
gene resulting in inactivation of the gene when present in a non-compatible cell. The intron can be inserted at a number 

60 sites in most genes. The heterologous processing element carries no flanking sequences, and tiius introduces no addi- 
tional sequences ipon insertion. In a preferred embodiment, the gene product either is absent or inactive in an Incom- 
patible cell, but when introduced into a compatible ceil yields a functional mRNA molecule which, upon translation, the 
gene yields an unaltered protein. 

Among the significant embodiments is a nucleic acid construct which when introduced into a cell e)9>resses a non 

55 native polymerase, tiie polymerase being capable of producing nx>re than one copy of a nudeic add sequence from the 
construct. This construct can further comprise a recognition site for the non native polymerase. Such a recognition site 
can be complementary to a primer for the non native polymerase. The primer preferably oonprises transfer RNA 
(tRNA). 

In certain enritxxllments the non native polymerase comprises a member selected from DNA polymerase, RNA 
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pofymerase and reverse transcriptase as well as any combination of the foregoing enzynrtas. The RNA potymerase pref- 
erably comprises a bacteriophage RNA ^lymerase. e.g., T3, T7, and SP6. or cont)inations thereof. Furthermore, the 
abGve-desa&>ed construct can conprise a promoter tor the RNA polymerasa 

The m^eic add produced from the construct can take a number of forms including but not Gmited to DMA. RNA, a 
5 DNA-RNA hybrid and a DNA-RNA chimera, or combinations thereof. The Df^A or RNA can comprise sense or anti- 
sense, or both. 

Another signHtcant aspect of this invention concerns a nucleic acid construct which when introduced into a ceQ pro- 
duces a nucleic ackJ product comprising a non native processing element which when In a c om p a t ib le cell, the procesa- 
ing element is substantially removed during processing. The processing element can compr^ an RNA processing 
10 element including, but not limited to an intron. a pdyadenylation signal and a capping element, or combinations of the 
fdreg(ring. 

The nudeic acid product can be single stranded and it can comprise any of antisense RNA, antisense DNA, sense 
RNA, sense DfstA, a rtoozyme and a protein birxling nucleic acid sequence, as well as comksinations of any of these. 
The protein binding nudec add sequence preferably comprises a dea^ that binds a protein required for viral assenisly 
IS or viral replicatioa 

Also provided by this invention is a process for selectively expressing a nudeic add product In a cell, the product 
being such that further processing is required fob Its functioning. The process comprises as Us first step providing a 
nudeic add construct which when introduced into a ceD produces a nudeic add product comprising a non-native 
processing element which when in a compatible cell, the processing element t>eing sut)stantially removed during 
20 processing. The second step oonprises introdudng this construct into the cell. The processing element 6.g., an RNA 
processing element, the nudeic add product and the steps of introdudng the construct in vivo and ex vivo are aD as 
desaibed pre^^ously. Significantly, in this process, the construd can be introduced into a t)iologtcal system containing 
the cell. This biological system can comprise, an organism, an organ, a tissue and a culture (cell or tissue) as weO as 
combinations of thesa 

ss The present inventfon provides a universal method for utilizing processing elements, induding heterologous ele- 
ments, for conditional gene inactivation. Rather than a restriction enzyme site, . the frequently occurring sequence 
(C/A)AGO post spiice junction sequence is used as the insertion site. This site results from the consensus sequence 
resulting from an excision of an intron. The consensus splice sequence for splice donors is (C/A)AQ*QU and the con- 
sensus sequence for splice acceptors is (U/C)nN(C/U)AG*G where * represents the splice site (Mount 1982 Nud Acids 

30 Res. 10. 459). The frequent occurence of this sequence provides numerous potential sites for the insertion of process- 
ing elements. Insertfon at any of these dtes in a gene coding region should not affect sudteequent removal of the 
processing element in a compatible ceQ. Proteins produced from processed mRNA should demonstrate no change in 
amino sequence or enzyme activity since only processing element sequences free of flanking axon sequences are 
introdi^ed thereby allowing the processing event to regenerate the original coding sequence. 

35 Furthermore, the site of insertion for a processing element does not appear to affect gene expression. Mayeda and 
Oshima (1990 Nucl. Adds Res. 18: 4671, incorporated by reference) showed that a native intron, isolated as a restrto- 
tion fragment of DNA containing the p-globin Intron with the conserved bases of the 3' end of the donor axon attached, 
could be introduced into various sites of a cDNA copy of p-globin and subsequently be spliced out normally, irrespective 
of intron tocation in the p-gfobin coding sequence. This is consistent vrith the consensus sequences that have been 

40 identified for splice donors and splice acceptors and that there are no particular requirements for a specific sequence 
at the 5* end of the acceptor axon. 

It is possible that insertion of a heterdogous processing element may not in ail cases inactivate a gene when 
present in an incompatible cell. Although splidng has been observed in procaryotic systems for bacteriophage T4 {Ohu 
el al. 1984 Proc. Nat Acad. 8d. USA 81 : 3049. incorporated by reference), it is in this case due to a seH-splldng intron 

45 (Chu et al., 1985 J. Bid. Chem. 260: 10680, incorporated by reference) and thus independent of processes employed 
in compatible ceils. Therefore, in a procaryotic environment, the intron should remain in the mRNA as long as a self- 
splidng intron is not used. In addition, if the nurnt)er of bases in the intron is a multiple of 3, the reading frame remains 
the same and a fusfon protein with additional amino acids derived from the intron sequence could potentially be pro- 
duced. These extra bases may or may not change the activity of the target protein depending upon the nature of the 

so extra amino acids and the insertion site within the protein coding sequence. A prefenred mode of inactivation is the use 
a heterologous processing element that introduces a frame shift mutation and/or a stop oodon(s). 

The present invention also provides for the introduction of genes not native to a cell into said ceil wherein the pro- 
tein products of such introduced gene(s) interact witii and impact other proteins produced from introduced non-native 
gene(s). 

55 The non-native protein gene products resulting from an Introduced non-native gene(s) can Impact another non-. 
native protein by a variety of processess including polymerization; activation; fadlitating transport conpetitive inhibi- 
tion; allosteric interaction: chenvcal modification induding phosphorylation, dephosphorylation, methylation, demethyl- 
ation. proteolysffi, rujdease activity, glycosylation; and others. 

Non-native genes can be introduced into cells as RNA, DNA or kx>th DNA and RNA. Non-native genes can be intro- 



21 



EP0 779365 A2 

duced into a cell linked together on a single nudeic add construct or introduced separately on distinct constructs. Intro- 
duction of non-native genes into ceHs can be done by any of a variety of methods for gene delivery (reference). 
The present invention provides the following ben^its: 

5 a) This invention has utilrty for the comfitonal inactivation of genes when such genes would be lethal to the host cell 
or when such genes present in a host cell introduce a danger. Thus, genes which would be impossible to done, 
such as those which code for enzymes which destroy bacterial ceil walls, can be inactivated by intron insertion and 
thus doned in this form in a bacteriunt Genes coding for toxic products, including tetanus toxin, risia pseu- 
domonas toxin, E. coH enterotoxins, cholera toxin and other plant animal and microbial toxins, can be hiac^ed and 

10 maintained stably and safely in an incompatit)le cell and activated to produce an unaltered gene product in a com- 
patible cell. This has special application to cefl killing gene therapy. 

b) The present invention provides utility for the inactivation, in incompatible ceils, of the expression of polymerase 
catalysts whose expression can fc>e realized in compatible celts. This has application to expression of a variety of 

75 gene products, either RNA or protein, under control of promoters of a variety of polymerases. Pdymerases. native 
and non-native to the cell, that could be used in this we^ include RNA polymerases from T3, T7 and SP6. 

c) This inventk)n provides for normally incompatible genes to be doned together on the same nudec acid cor^truct 
. For exanrple, a single construct can t>e designed containing sequences for the productk>n of T7 promoter directed 

20 tran8cript(s) of choice and T7 RNA polymerase. The ability to ctone such genes on the same nudeic acid construct 
rather than as separate constaicts provkles the following benefits: 

i) The efficiency of cotransfection of the two genes is 1 00%. 

£5 11) In the case of T7 RNA polymerase and a nudeic add sequence for T7-directed transaipt of choice, the 

entire functional unit is sufficiently compact that it can be doned into a vector which can only accept inserts 
below a certain size limit as. for example, adeno associated virus which can only accept inserts of 4.7 kilo- 
bases or below and remain fundional (Muzyczka 1992 in Cun^ent Topics in Microbiology and Immunology, 
Springer Verlag, Heidelberg. 158:97. incorporated by reference) 

30 

d) Another application off this invention provides for the interaction of non-native gene or its protein products in a 
cell v^ere the interaction of the introduced genes and/or their gene products can yiekJ useful intracellular proc- 
esses for gene therapy applications. 

* 

35 In an application of the present invention, an intron is introduced into the coding sequence of T7 RNA polymerase 
in a construct that also contains a T7 promoter directing the transcription of a useful gene product As discussed earlier, 
the use of T7 polymerase for synthesis of a gene under control of a T7 promoter has t>een accomplished in compatible 
cells, but always in the context of placing the two entities on separate constructs, i.e., the T7 RNA polymerase and the 
gene under the control of a T7 promoter are used as a two-part system. The present invention (see Exanrples) 

40 describes the conditional inactivation of a gene (that normally does not a contain a processing element by the precise 
introduction of an intron between the last two G's of a site that has the post splice junction sequence (C/A)AGiQ. The 
introduction of an intron into sites with this sequence creates a functional splice donor and a functional splice acceptor. 
Therefore, a construct with this riKXiif ication should lack any expresskm of T7. RNA polymerase in an E coli cell, but the 
normal coding sequence can be restored from transcripts after Introduction into a compatible cell. This alkiws the con- 

45 struction of a single construct that contains both the T7 RNA polymerase and. for example, antisense directed by a T7 
promoter, with lethality to an incompatible cell being avoided by introducion of the heterologous processing element into 
the polymerase coding sequence. In a compatible cell, normal expression of the polymerase will occur but lethality 
should be negated t)y the nature of its environment. First the autocatalytic cascade, due to transaiption around the dr- 
cular plasmid. believed to be responsible for lethality of E. oolh wouki not occur in stably transformed mamalian cells 

50 formed by integration into the chromosomal DNA. Second, in the presence of concatamo^ic integration of the construct, 
runoff transcription from the T7 promoter past a T7 terminator sequ^ce into the coding sequence for the polymerase 
should produce RNA that would be translated vnth very low effk^iency due to the lack of appropriate signals for process- 
ing, transport and translation. 

The same advantages of this invention that are enjoyed for the production of T7 directed RNA. such as antisense 

55 RNA, can be applied to the T7 RNA polymerase directed production of protein. 

p. Hairpin Construct 

The introduction of genetic material into cells can be done by two methods. One method is the exogenous applica- 
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tion of md&c adds which act directly on cellular processes but which thenr^lves are unable to replicate or produce 
any nucleic add. The intracellular concentrations of these molecules that niust be achieved In order to affect cellular 
processes is dependent on the exogenous supply. Another method for nudeic add delivery is the introductkm into 
of Primary Nudeic Acid Constructs which thems^ves do not act on cellular processes but which produce single 

5 Stranded nudeic add in the cell whidi acts on cellular processes. In this case the Introduced Primary Nucleic Acid Con- 
struct can integrate into cellular nucl^c acid or it ran exist in an extrachromosoimi state, and it can propagate copies 
of itself in either the integrated or the extrachromosomal state. The nudeic add consstruct.can produce, from promoter 
sequences in the Primary Nucleic Add Construct, single stranded nudeic adds wtnch affect cellular processes of gene 
expression ard gene replication. Such nudeic adds include antisense nucleic acids, sense nudeic acicte arxf tran- 

fo scrpts that can be translated into protein. The intracellular concentrantions of such nudac adcte are timited to pro- 
moter-dependent synthesis. 

■ 

■ 

* * 

DeflnHlona: 

IS Primary Nucleic Add Construct A composition consisting of nudeic add which in a cell propagates Production 
Centers. 

■ 

Production Center. A nucleic acid molecule derived from a Pnmary Nudeic Add Construct wtiich in a cell is able 
to propagate other Production Centers or to produce single stranded nudeic add. As used herein, the term produc- 
20 tion center is intended to cover secondary nudeic add components which can be produced from a primary nucleic 
add construct. Also covered are a tertiary nudeic add component which ooUkJ be produced from the secondary 
nudeic acid component, as^ well as any nucleic acid product which may be produced from the seoondary nucleic 
acid component 

Propagation. The generation or fbrmatton of a Production Center from a Primary Nudeic Add Construct or the 
generation or formation of a Production Center from another Production Center. However, production centers can- 
not produce a Primary Nudeic Add Con^ruct. 

Production. The generation of a single stranded nucleic molecules from a Production Center. 

Inherent Cellular Systems. Cellular processes and components present In cells which can be utilized for the Pro- 
duction and Propagation as well as the function of single strarxled Nucleic Add Products. Such processes and 
components can be native to the ceQ. or be introduced to the cell by artif idal means or k>y infection by, for example, 
avirus. 

35 

The effectiveness of single stranded nudeic acids produced from Primary Nudeic Add Constructs is d^>endent on 
their concentration, the stat^lity and the duration of production in the cell. Current methods for achieving Intracellular 
concentrations are limited by a dependence on promoter directed synthesis. 

The present invention provides a novel composition construct and method whereby single stranded nudeic acid is 
40 produced in the cell from templates which are formed in the cell and derived from Primary Nudeic Add Constructs in 
said cell. This invention further provides for a Primary Nucleic Add Construct which, when introduced into a cefl Prop- 
agates one or more Production Centers each of which in the cell is capable of Production of single stiranded nudeic add 
product 

One aspect of the present invention provides a means to attain high intracellular lorels of single stranded nucleic 
45 acid through amplification. Such amplification occurs by the Propagation from a Primary Nudeic Ac^ Construct of more 
than one Production Center and from each Production Center one or more single stranded nudeic adds. However, Pro- 
duction Centers are not capat^e of producing Primary Nudeic Add Constructs. 

Thus, a significant embodiment of ttiis invention concerns a composition comprising a primary nudeic add oomF 
nent which upon introduction into a cell produces a secondary nudeic acid component whidt is capat)le of produdng a 
so nudeic acid product or a tertiary nudeic add component or both. The secondary and tertiary nudeic acid components 
and the nudeic acid produd are incapable of produdng the primary nudeic acid component. In this compodtion the cdl 
can of course be euKaryotic or prokaryotic. 

hfi the present conposWon, the primary nudeic acid component can conf)rise a nudeic add. a nuddc add con- 
struct a nudeic add conjugate, a virus, a viral fragement, a viral vector, a viroid. a phage, a phage vector, a plasmid, a 
£5 plasmid vedor, a baderium. and a k>aderial fragment or combinations of any of thesa 

Primary Nudeic Add Constructs consist of single or double stranded nudeic add <or even partially double 
stranded) or composed of tx>th single and double stranded nudeic add. and the nudeic add can k)e RNA, ONA or a 
combination of RNA and DNA. The nudeic add can be unmodified or it can be modified to provide desirable properties. 
for example, modified bases can be incorporated to provide nudease resistance, interadion witti Inherent Cellular Sys- 
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terns. celMar locaTization and other prc^rties for nucleic acid constructs as described in this disdosura Furthermore, 
the primary nudeic add conponent can comprise nudeic add anatogs which likewise can be used in combir^ilion wi^ 
DMA, RNA. or both. 

Primary Nudeic Add Constructs can reside in the cell integrated into chromosomal DNA or as extrachromosorral 

5 ^itities. The Primary Nucleic Add Construct, as an integral part of a chromosome, can be replicated concomitant with 
chromosomal DNA during cell division processes or it can be replicated as part of an extrachrosomal elemerit contmn- 
ing DNA replication elements, such as sequences for origin of repfication and others. 

Primary Nudeic Add Constructs contain sequence information for the Propagation of Production Centers and for 
the subsequent Production of single stranded product Thus, for this purpose, a variety of desirable elements can be 

10 encoded in a Primary Nudeic Acid Construct Production Centers and Primary Nudeic Add Constructs may contain 
one or all of these elements. These indude regulatory elements such as promoters and enhancers; primer binding 
sites; processing elements such as intron sequences, poly A sequences, sequences spedfying capping and termina* 
tton sequences; sequences specifying cellular localization signal sequences with affinity (or cellular proteins. Primary 
Nudeic Add Constructs can also contain sequences for the synthesis of proteins which act to propagate Production 

IS Centers. For example, sequences for a nudeic acid polymerase which ads to propagate a Production Center can be 
present in a Primary Nucleic Acid Construct (See Example 20 of this patent). 

Primary Nudeic Add Constructs can propagate Production Centers through the activity of nudeic add polymerizr 
ing catalysts present as Inherent Cellular Systems. Production Centers can be RNA. DNA or a combination of RNA and 
DNA. They can be single stranded, double stranded or contain both single and double stranded regions. Production 

20 Centers can propagate other Production Centers and/or produce single stranded nuddc add product with biological 
activity directly or through the activity of Inherent Cellular Systen^. 

Production Centers can produce a variety of single stranded nucleic adds such as antisense RNA sequences, anti- 
sense DNA sequences, ribozyme sequences and mRNAs wtuch can be translated into proteins can ail be produced. 
Desirable propierties to enhance k»ological activity can also be incorporated. Thus. RNA processing signals, sequences 

2S spedfying cellular location, sequences for binding cellular proteins and other fur^ctions can be incorporated into single 
stranded nuddc acids products. 

As production centers, the secondary nudeic acid component and the tertiary nucleic add conponent (as %vell as 
other siibsequent components, ag.. a quaternary nudeic acid component can comprise DNA. RNA, a DNA-RNA 
hybrid, and a DNA-RNA chiniera or a combination of the foregoing. 

30 When the atx)veKJescribed compositions further comprise a signal processing sequence, such sequences can be 
selected from a promoter, an initiator, a terminator, an intron, and a cellular localization element or a combination of 
these. Such signal processing sequences can be contained in any of the elements of the compodtion includffig those 
selected from the primary nudeic acid component, the secondary nudeic add component, the nudeic add product and 
the tertiary nudeic add or a combination of these. The nudeic acid product can of course be single stranded as well as 

55 comprteing antisense RNA. antisense DNA. a rllx>zyme and a protein binding nucleic acM sequence or combinations 
of these. Preferred as a protein tending nudeic acid sequence is a deooy tfiat binds a protein required fbr viral assembly 
or viral replication. 

In these above-described conpositions. production of any component or nudeic add product can be mediated by 
a vector, preferred vectors comprise viral vectors, phage vectors, plasmid vectors, as well as combinatiore of these. 
40 The present composition can be incorporated into a cell which is eukaryotic or prokaryotia The composition can 
be Introduced either in vivo or ex vivo into such a ceQ. 

Also contenr^ated by the present invention are production centers including the secondary or tertiary nudeic add 
components or the nudeic acid product which can be produced from the oortiposition. 

The Propagation of Production Centers from Primary Nudeic Acid Constructs, the Propagation of Production Cent- 
45 ers from other Production Centers and the Produdion of single stranded nucleic add from Production Centers can pro- 
ceed by a variety of processes which derive from sequences present in these structures (as described above) and from 
Inherent Cellular Systems. Inherent Cellular Systems involved in these processes indude RNA pdymerases. RNA 
processing enzymes, DNA polymerases, Reverse Transcriptases. Ribonuclease H, endonudeases. exonudeases 
induding ribozymes. enzymes involved in nudeic acid repair, nucleic add ligases. cellular nudeic adds acting as prim- 
50 ers. and entities involved in nucleic acid replication, transcription, translation, localization of nucleic add in the cell, 
transport of nucleic acid, integration of nudeic add into cellular nudeic add and others. 

Elements for Prc^agation and Production indude: 1) single or multiple promoters, 2) self priming processes, 3) one 
or more primer binding sites, and 4) multiple priming. 

55 1) Promoters fbr Propagation and Production can be present in one or more copies in a Production Center or in a 
Primary Nudeic Add Construct. Such promoter sequences can be present in a preexisting and functional fiornv as, 
for example, in a double stranded DNA Primary Nudeic Acid Construct introduced into a cell. Functional promoter 
sequences ran also fonm subsequent to introduction of a Primary Nucleic Add Constmct into a oeU. For exan^e, 
a single stranded RNA Primary Nucleic Acid Construct containing promoter sequenceses which are non-functional 
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(since th^ are present as single stranded rbonudeic add) can be converted to functional promoter sequence by 
propagation in the cell to a dout>le stranded DNA Production Center from sahl Primary Nucleic Acid Construct Th^ 
Propagation can be achieved by the presence in the Primary Nucleic Add Construct of primer binding sites, such 
as the HIV primer binding site for which lysyl tRNA acts as a primer, and reverse transcr^stase as an Inherent Gel- 
5 lular Element The generation of double stranded DNA in this way forms a functional promoter. 

Functional promoter sequences can also be generated by the formatton of double strarvled regions from self 
complementary formation in a single stranded Primary Nucleic Acid Construct For example, the presence of both 
the sense and anfisense sequences for a promoter and a coding sequence under its control can be present In a 
single stranded DNA Nudeic Acid Product or Production Center. Self hybridization of these regions of the sanrte 
10 molecule can generate a functional promoter in the formed doi^e stranded region of this single stranded molecule. 
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2) A single stranded Primary Nucleic Acid Construct can Propagate or a linear single stranded Production Center 
can Propagate or Produce nucleic acids by a self priming process. In this process, the 3* end of such a molecule 
can hyk>ridize with complementary regions located elsewhere in the molecule and act as a primer for the synthesis 
25 of complementary nudeic add. For example, the 3'end of a linear single stranded RNA can act a& a primer for a 
polymerase such as reverse transcriptase. 
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3) One or more primer site sequences can be included in a Primary Nucleic Add Construct or in a Product Center. 
Sequences tor the primer fcunding site of a retrovirus, such as HIV, which utilizes lysyl tRNA as a primer, can be 

40 included in one or more copies in a single stranded RNA Primary Nucleic Add Construct or Production Center. 
Lysyl tRNA is supplied as an inherent cellular system. In the presence of reverse transaiptase, Propagation and 
Production of conplementary DNA proceeds fron the primer site. 

4) Multiple priming processes can t>e utilized for Production and Propagation. Fbr example, a double stranded Pri- 
45 mary Nudeic Acid Construct composed of one DNA strand and one RNA strand can be aded upon lay nudeases 

to generate limited endonudeolytic cleavage in the RNA strand. The resulting fragments can act as printers the pro- 
duction and propagation of DNA synthesis as catalyzed by Inherent oeltutar processes such as reverse tran- 
scr^slase. 

50 6. m Antisense System 

This invention provides a composition of matter conr^rising a nudeic add component which when present in a oeli 
produces a non-natural nucleic add product, the product comprising two elements: a portion of a localizing entity and 
a nucleic add of sequence. The portion of the localizing entity is preferably suffident to permit localization of the non 
55 natural nudeic acid product Furthermore, the portion of the localizing entity preferably conqsrises a cytoplasmic or 
nudear localization signaling sequenca 

The nudeic add sequence of interest can comprise various forms of nudeic add induding but not limited to DNA, 
RNA, a DNA-RNA hybrid and a DNA-RNA chimera or combinations of these. When comprising RNA, the nudeic acM 
of sequence preferably comprises a nudear localized RNA which may be oomplexed with protein molecules. Among 
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such nuclear locafized RNA are the so called snRNAs. Preferred as snRNA^ are U1 . or U2, or both. 

The non natural nucleic acid product can be off course single stranded and it may comprise variious members or 
forms including those selected from antisense RNA. antisense DMA, sense RNA. sense DNA. a ribozyme, and a |V0- 
tein binding nucleic acid sequenca As descnl^ elsewhere, such a protein binding nudek: add sequence preferably 

5 comprises a decoy that binds a protein involved or required for viral assembly or replication. In another aspect of tie 
present composition, the non natural nucleic add product comprises antisense RNA or antisense DNA and the portion 
dl the localizing entity comprises a nudear localization signaling sequence. In yet another aspect d the composition, 
the non-r^tural nucleic acid product comprises antisense RNA or antisense DNA and the portion of the locaOzing entity 
comprises a cytoplasmic localization signallir^ sequence. Still yet another aspect concerns the composition wherein 

10 the non-natural nudeic add product comprises sense RNA or sense DNA and the portion of a localizing entity com- 
prises a cytoplasmic locafization stgnairmg sequence. 

As described elsewhere the nudeic add contponent can take various fbnr^. ag.. a nudeic add, a nud^c acid con- 
struct a nudeic add conjugate, a virus, or fragment a viroid. a phage, a plasmid. a vector, a t^acterium. or fragment, 
as well as any combination of these. Such nudeic acid can conprise DNA. RNA, a DNA<RNA hybrid and a DNA-RNA 

15 chimera and combinations thereof. The nudeic add can be modified: the cell can be eukaryotic or prokaryotia The pro- 
duction of nudeic acid product is mediated by a vector such as a viral vector, a phage vector, or a plasmid vector or 
such comt)inations. 

As described elsewhere the present combination can be incorporated or delivered Into a cell which can be eukary- 
otic or prokaryotic. Introduction into the cell can be ex vivo or in viva The present invention also contemplates tvological 
so systems (an organism, an organ, a tissue, a culture) containing the cell Into which the composition has been introduced. 
The present invention further contenplates a process for localizing a nudeic add product In a eukaryotic cell. In 
this process, the above-descrbed composition of matter wouM be provided and appropriately introduced into a eukary- 
otic cell or a biological system containing such celt. The characteristics of the locaBzing entity* portion, the nudeic add 
product methods, ex vivo and in vivo introdudbn in this process are aH as described above, 
2S The present inventk>n describes a method and composition for utilisnig snRNAs as carriers for antisense RNA 
while retaining the advantageous features of snRNA for nuclear localization. The present invention utilizes renraval of 
sequences from snRNA and their replacement with desirable sequences sudi as antisense or serise sequences. 

The con-ect choice of the site for replacement of a portion of the snRNA sequence should not alter the stability and 
nudear reimportation features. Digestion of a clone of the human U1 operon with Bd I and Bsp E II (figure 41) elimi- 
30 nates a sequence of 49 bases invdved in the fbrmatkm of the A and B loops formed by U1 Rf^ (Rgure 41). Removal 
of this sequence thus both makes room for the addition of foreign sequence and eliminates binding of some snRNP pro- 
teins thus enabling the foreign sequence to be availat)le for antisense inhibition free of potential steric hindrance t>y 
bound proteins. Elimination of the A and B loops should still allow formation of the C and D toops which are important 
for maintaining the re-lnportatk>n signal (Figure 41). The continued presence of this secondary structure at the 3'end 
35 as wetl as binding of splicesome proteins should also have the effect of maintaining the stabifity off the RNA. 
This invention should be applicable to other spedes of snRNA induding U2. 

U1 constructs prepared as described for this invention can be delivered to cells as all or part of nucleic add con- 
structs t>y any of several methods applicable to gene delivery. 

40 7. Mult^Cassc tte Constructs 

The present invention, which has application to gene therapy, is a Nudeic Acid Entity whk^h, when introduced into 
a cell, directs the synthesis of more than one specific entity from a separate functional unit, or cassette. The synthesis 
of each product entity is initiated from its own initiator signal in a cassette. Multi-targeting can be acNeved by Induston 
45 of independent cassettes in a single Multi-Cassette Construct. The advantages of a Multi-Cassette are: 

a) Each entity is formed independently from other entities and the total number of procuct entities will be a summa- 
tk>n of the products generated in the ceil by each Initiation site. 

so b) Interaction with a target by an independently geinerated produd entity should have no effect upon the activity of 
other independently generated product entities. 

c) An integration event that disrupts, expresskm from one cassette shouki have no effect upon other cassettes in 
the construct 

ss 

d) Each product entity present in a construct can be direded to a different intracellular kxus by use of appropriale 
signals for either nudear or cytoplasmic localization. In situations where product entities acting in the nudeus are 
combined in the same construct with entities acting in the cytoplasm, the application of Mutti-(3assette Construds 
allows independent synthesis of the two entities, thereby allowing each to accumulate at its most effective site of 
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action. 

This invention provides a nucleic acid component which upon introduction into a cell is capable of produdng more 
than one specific nudetc acid sequerKe. Each such specific sequence so produced are sut>stantially nonhorr^logous 
5 with each other and are ^ther complementary with a specific portion of a single-stranded nucleic acM of interest in a 
ceD or are capable of binding to a specific protein of interest in a cell 

Inlhis component the single stranded nudeic acids of interest can be part of the same polynucleotide sequence 
or part of different polynudeotide sequences. The single stranded nudeic acids of interest can comprise viral 
sequmes. The present nucleic acid component can be derived or selected from any of nudeic adds, nudeic acid con- 
10 structs. nudeic aqd conjugates, a virus or fragment a phage, a plasmid. a bacterium, or fragment, a vector (viral, 
phage, plasmid). as well as any con^i.nations of these. The nucleic add can comprise DIMA. RNA. and nudeic add ana- 
logs (or comtsinations thereof). The DNA and RNA can t>e modified. 

In addition, the nudeic add component can comprise either more than one promoter or more than one initiator, or 
both. Furthermore, the specific nucleic add sequence products can be produced Independently from either different 
75 promoters, different initiators, or combinations of both. Still further, the specific nucleic add sequence products can be 
• either complementary to a viral or cellular RNA or bind to a viral or cellular protein or a combination of such things. The 
complementary specific nudeic acid sequence products can be capable of acting as antisense. The viral or cellular pro- 
tein can comprise a localizing protein or a deooy protein which are described elsewhere. Such localizing proteins pref- 
erably conprise a nudear localizing protein or a cytoplasmic localizing protein. Specific nudeic add sequence products 
20 can comprise antisense RNA. antisense DNA, a ribozyme. and a protein binding nudeic add sequence or a combina- 
tion of the foregoing. 

The nudeic acid component can further comprise a means for delivering the component to a cell containing the 
nudeic add of interest or the specific protein of interest Such delivering n^eans are known in the art as well as 
described elsewhere in the disdosure. 
25 The Multi-Cassette Constructs can be prepared as RNA or DNA. The nucleic add can be delivered to the cells as 
modified or unmodified nucleic acid or as modified or unmodified RNA or DNA complexed to proteins, lipids or other 
molecules or as modified or unmodified RIslA or DNA as components of pseudo virions, bacteriophage or other viral 
delivery systems. 

Multi-Cassette constructs can be delivered to target cells by methods commonly used fbr gene transf^ as 

30 desaibed in this application. 

The presence of independent synthesis units, i.e., cassettes, in a Multi-Cassette Construd provides versatility for 
the presentation of product entities to the cell through the choice of product entities, synthesis initiator signals aixf other 
elements. A Multi-Cassette Construct can be designed to code for a variety of product entities. Thus, cassettes can be 
designed to code fbr synthesis of RNA. DNA or protein and such cassettes can be assembled in various combinations 

35 in a single Multi-Cassette Construct. 

Elements can be incorporated into each cassette to regulate the independently and differentially, if desirable the 
synthesis, character and nature and activity of the product entity in the ceil. Such elements indude the type of promoter, 
enhancer sequences, RNA processing elements such as introns, cellular localization elements such as nuclear or cyto- 
plasmic localizaton signals and poly A addition signals to provide for addition of poly-A to mRNA. 

40 Useful product entities produced by each cassette ir)dude antisense RNA. sense RNA. ribozymes antisense DNA. 
nudeic acid sequences which bind protein molecules such as decoys which bind proteins required for virus replication: 
enzymes: toxin molecules: proteins which act in cellular localization of RNA and protein mdecules; DNA pdymerases; 
reverse transcriptases: RNA polymerases and nudeic acid sequences under control of cognate promoters tor such 
RNA polymerases: proteins which impart viral resistance to a cell (such as interferons): antitxxJies and/or fragments 

45 thereof; proteins which arrest ceil division ; proteins which localize in the cell membrane induding cellular receptors fbr 
viruses, honnones, growth factors and other agents which interact at the cell surface: 

Intracellar synthesis of product entities can be controlled by the choice of promoter or initiating element Thus, a 
cassette can be designed which contains sequences tor a product entity whose synthesis Is under control of an induc- 
ible promoter providing for temporal synthesis of product entities. This provides advantages to applications wheren. tor 

so example, constant production of the product entity would have deleterious effects for the host cell or organism, but 
whose short term effects are benef idal. For example, induction of a product entity whidii anests cell diviston processes 
can intpart to the cell virus resistance where vims replication is dependent on such cellular processes. In order to 
restore the cellular processes at a later time, induction can be terminated. Induction can t>e mediated by use of promot- 
ers which can be induced by small nmlecules such as antibiotics. hornfK)nes and heavy metals such as zinc. Afterna- 

65 tively, in cases where constant production of a product entity or entities is beneficial, a promoter not subject to induction . 
can be utilized 

Promoters can also be chosen on the basis of their efficiency. In cases where high levels of product entities are 
required promoters which initiate transcription at a high frequency can be utilized. Alternatively, when lower l^els of 
product entities are desirable less eff ident promoters can t>e used. 
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Independently synthesized product entities produced from the same Multi-Cassette Construct can act at the same 
target she. For example, in order to inaease effectiveness, a series of antisense RN A product entities directed at a viral 
nude'c acid target site which demonstrates sequence variabiGty, such as one of the highly variable regions of the 
nudec ackj of HIV. can be designed to include the predominantly occuring sequences encountered In the wild type HIV 
5 population. 

Independently synthesized product entities produced from the same Muttl-Cassette Construct can also act at sep- 
arate target sites. For example, an RNA antisense transaipt can be directed at mRNA coding for a particular gene prod- 
uct and a different antisense transaipt can be directed against an m RNA codng for another gene product 

10 8 , yims Resistance 

The present invention involves the use of agents that in vivo act to increase resistance to viruses by gene theraf^ 
by interfering with virus-cell interaction and thus enhancing antiviral gene therapy in the cell. The interaction of regions 
on viruses with specific sites on the cell surface, /.e., virus-celt interactioa and the suscept'bility of extracellular virus to 
15 immunological agents provide the basis for supplemental treatment Agents that act by these means to decrease the 
effective levels of virus would provide benefit for gene therapy treatments utilizing antisensa 

As a supplement to gene therapy, the above agents can be administered to the patient either prior \o, concun-ently 
or after a gene therapy procedure by intramuscular, Intravenous, intraperitoneal, by inhalation or other appropriate 
means. 

so Examples of agents that can interfere with the interaction of a virus and a target cell Include: 

a) agents such as antibodies to viral epitc^es and cellular proteins which bind viruses. An example of the latter are 
cellular receptors recognized by viruses, as, for instance the CD4 receptor that is recognized t>y HIV. 

25 b) agents that stimulate the production of entities that complex with viruses. These Include adjuvants that enhance 
immunological responses which can be used as a general stimulant and viral antigens that can be used to induce 
a specif ic response: 

c) agents that bind to a target ceil and compete with or otherwise slow the entry of a virus into a ce|L Viral proteins. 
30 such as the gpl 24 protein for HIV. that are involved in cell binding could be used in this way. Antbodies to viral pro- 
teins can also act in this way. 

In the practice of this Invention, additional enhancement can be achieved by the further administration of small mol- 
ecules such as protease inhibitors or nucleoside analogues. The additional treatment can be either applied prior to. 
35 after or concunentiy with application of the present invention. The current invention has application to the treatment of 
virus infections and infections by other intracellular pathogens. 

Thus, the present invention provides a process for increasing cellular resistance to a virus of interest. The process 
conprises two steps. First are provided transformed cells phenotypically resistant to the virus; and a reagent capable 
of binding to the virus or to a virus-specific site on the cells. Second, the reagent is administered to a biological system 
40 containing ^e cells to increase the resistance of the cells to the virus of interest 

The biological system can comprise an organism, an organ, and a tissue or combinations thereof, viral resistant 
cells can be eukaryotic or prokaryotic. Such cells can further oonrprise a nucleic acid sequence selected from antisense 
RNA. antisense DNA. sense RNA. sense DNA. a ribozyme. and a protein binding nucleic acid sequence or combina- 
tions tiiereof. 

45 The virus binding reagent can take various forms including but not limited to an antibody, a virus binding protein, a 
cell receptor protein and an agent capable of stimulating the production of a virus binding protein or combinations 
thereof. The antibody can comprise of coiFse a polyclonal or nxsnodonal antibody which can be specific to an epitope 
of the virus of interest. The virus binding protein preferably comprises a CD4 receptor; the cell reoeptor- protein prefer* 
ably comprises a gp24 protein. In addition the productton stimulating agent is selectable from an inmuinological 

so response enhancing adjuvant and a viral antigen or txrth. 

The reagent can be administered in vivo or ex vivo to the cells. Moreover, ttie process of the instant invention can 
further comprise administering an additional viral resistance enhancing agent. e.g.. a protease inhbitor, a nucleoside 
analog, or both. 

In carrying out the present process the additional viral resistance enhancing agent can be administered before. 
55 after, or at about the same time that the binding reagent is administered. 

Also contemplated by this invention are biological systems with increased viral resistance, such resistance having 
been obtained by any of the processes described above. 
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9, Dislocation 

The present invention is a novel method of altering the concentration of cellu^ products in a cellular legation by 
the Introduction of a construct that produces a product, the dislocaton agent which ads to transport cellular entities 

5 from one cellular locate to another. The dislocation agent contains a specifictty or afltrAy domain by which the disloca- 
tion agent binds the cellular entity. Dislocation of the cellular entity is mediated by the bound dislocation agent The 
resultir^ co-localization transports the cellular entity to a ceHutar location that is different from its functional location. 

In contrast to previous work (Izant and Sardelii, 1988, Gotten and Bimstiel, 1989, the contents of both publications 
incorporated herein by refer^rtce), which sought to localize the genetic products of their constructs to a cellular location 

10 favofable for antisense activity, the present Invention acts to disrupt a viral or cellular process by dislocation of macro- 
mdecules Involved in the viral or cellular processes. Thus, due to the presence of an affinity doman on the dislocation 
agent a target molecule will be bound and then transported to a cellular location detemiined by the dislocation agent 
The application of thte invention is through the introduction into cells of nudeic add constants which contain 
sequences for the expression of RNA. The RNA. acting as the dislocation agent, can Its^ contain sequences for an 

IS affinity domain and can transport cellular nudeic acid molecules or proteins to cellular localizations where they are not 
nonnally present Afternatively. the RNA can bind a targern RNA molecule and chaperone it to anoth^ cellular location 
where it cani function by the binding o1 a protein which transports the RNA dislocation agent and its hybridized target 
RNA to an unnatural cellular location. Also the RNA can contain a sequence that when translated yields a protein dis- 
location agent with an affinity domain. 

20 In the cun^ent invention, adrve steps are taken upon the interaction of the target with the dislocation agent. Exam- 
ples of where this might be useful are RNA molecules that contain signals specifying transport from the cytoplasm into 
the nudeus. Binding of such an RNA dislocation agent to a cytoplasmic RNA or protein would lead to co-localisation of 
the target into the rujdeus. These transported entities would be unatiie to function due to their presence In an unnatural 
cellular location. In a similar vk«y. a protein dislocation agent with an affinity domain for a particular RNA sequence or 

25 for another protein can be designed such that it also has a nudear localisation signal present in Its sequence. In this 
way a target entity, normally present in the cytoplasm, would be localised in the nudeis. 

This invention provides a nucl^p acid construd which when introduced into a cell produces a non-natural product 
The non natural nudeic add produd comprises two components: a binding component capable of bindoig to a cellular 
component; and a locaHzaton component capable of dislocating the cellular component when bound to the product The 

so produd from this construd can comprise a protein or a nudeic acid or both. The protein can comprise an antibody, eg., 
a polyclonal or monoclonal antibody, such as one direded to a cellular component inside the cell. Such cellular compo- 
nents can comprise any of the following induding t>ut not limited to a nucleic add. a protein, a virus, a phage, a produd 
from another construct a metaborite and an allostearic compound, or combinations thereof. When comjvlslng a protein 
the cellular component can comprise a viral or non-\nral &izyme, a gene suppressor, a phosphorylated protein, e.g., an 

35 oncogene, or combinations thereof. 

The binding component of the produd produced from the present construd is selectable from a nudeic add, a pro- 
tein and a binding entity or combinations thereot The nudeic add can comprise a sequence selected from a oomple* 
mentary sequence to the cellular component and a sequence to a nudeic add binding protein or combinations of both. 
The protein is selectable from an antibody, a receptor and a nucleic add binding protein or oombinalions tfiereof. The 

40 binding entity is capable Of binding m6tat)olites. 

The localization component is selectedbte from a nuclear localizir^ entity, a cytoplasmic localizing entity, and a cell 
membrane locafizing entity or a coniblnation thereof. The localizing conponent in the present construd can comprise 
a member seleded from a nucleic add sequence, a nucleic add strudure. e.g.. a stem and loop structure and a peptide 
or oligopeptide, a combinations of the foregdng. 

45 The present invention further provides a process for dislocating a cellular component in a cell. In this process there 
are provided a nudeic add construd which when introduced into a cell produces a non-natural product which product 
conprises two components. First, there Is a binding component capable of binding to a cellular ooitponent; and sec- 
ond, a localization component capat)le d dislocating the cellular component when bound to the product The nudeic 
acid construd is introduced into a cell of interest or a biological system containing the cell or cells of interest. 

50 The following is a list or summary of candidate pairs offered for illustration if not by way of limitation. Potential pairs 
of relocation agents and their targets are presented. 

An application of the present invention for the dislocation of cellular macromdecules is the use of a nudeic add 
construd that contains a nudeic sequence for a U1 snRNA mdecule in which a portion of the U1 sequer^ fas t>een 
substituted with a sequence unique to a portion of the HIV genome (described premusly). In this case the U1 RNA in 

55 assodation with snRNP proteins acts as the dislocation agent and the HIV anti-sense sequence repress the affinity 
domain. The return of U1 to the nudeus, as part of normal cellular processing of U1. white hybridized to tariget HIV 
mRNA dislocates the HIV RNA and makes it unavailable for translation in the cytoplasm. 

Another application of this invention utilizing Ul RfMA is the substitution of HIV packaging signal sequences for a 
portion of the Ul sequence. Introduction of the substituted Ul as part of a nudeic add construd used to transfect cells, 
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provides for the synthesis of a dislocation agent containing the U1 RNA sequ^ces and the HIV packaging sequence 
signals as the affinity signal. The dislocation agent in this case binds to essential HIV proteins responsible for forming 
virions and transports them from the cytoplasm to the nicleus. ther^y inhibiting the packaging of viral RNA. 

Another application of present invention the use of a nucleic construct which produces an RNA molecule which 

5 contains sequences specif ic for splice junctions of HIV RNA as the affinity domain and sequ^ces for the Rev Respon* 
sive Element (RRE) o1 HIV as an affinity domain for binding to HIV Rev protein molecules which acts as the dislocation 
ag&it In HIV-infected ceils, the Rev protein dislocation agent binds to RRE sequences on the RNA which Is in turn 
bound to the splice junctfon of the HIV RNA. The conplex would be transported by the Rev protein to tfie cytoplasm 
where the unspliced HIV mRNA would be non-functional. 

10 Another application of the present invention is the use of RNA signals tor the dislocation of proteins essential tor 
virus replication. The HIV Rev protein is found principally in the nucleolus. However, in the presence of RNA containing 
RRE sequences, the Rev protein is found principally in the cytoplasm. Therefore, the presence of a nucleic ackl con- 
struct containing sequences for the cellular producton of an RNA dislocation agent containing RRE sequences wouM 
actively remove the Rev protein from the nucleus and induce its relocation in the cytoplasm where it would be unavail- 

15 able for transport of viral RNA. Here the RRE sequences in the transaipts act as the affinity donuin. 
In the following specific embodiments of the inventfon are described: 

1 . A non-naturally occurring construct which when present in a cell produces a product, said construct comprlstng 
at least one modified nucleotide, a nucleotide analog or a non-nucleic acid entity, or a combination of the foregoing. 
20 2. The construct of item 1 . vi^erein said construct or a portion thereof is linear, drcular or branched. 

3. The construct of item 1 , wherein said construct or a portion thereof is single-stranded, dout)le-8tranded, partially 
doubie-stranded or triple-stranded. 

4. The construct of item 3, having at least one terminus, said terminus comprising a polynucleotide tail. 

5. The construct of Item 4, wherein said polynucleotide tail is hybridized to a complementary polynucleotide 
2S sequence. 

6. The construct of item 1 . wherein said construct comprises DNA, RNA, a DNA-RNA hybrid, a DfMA-RNA chimera. 
. or a conrfolnatian of the foregoing. 

7. The construct of item 1 . wherein said modified nucleotide has been chemically modified. 

8. Ttie construct of item 6, wherein said chemiccU modification has been effected to a nx)i6ty independently 
30 selected from a base, a sugar, and a phosphate, or a combination thereof. 

9. The construct of item 1. wherein at least one of said nucleotide analog or analogs have been modified on the 
backtx}ne or sidechain or both. 

10. TTie construct of item 1 , wherein said non-nucleic acid entity is attached to a single strand or to both strarxUs of 
said sequence segment. 

35 11. The construct of item 1 . wherein said non-nucleic acid entity or entities are selected from a natural or synthetic 
polymer, and a natural or synthetic ligand, or a combination thereof. 

12. The construct of item 11. wherein said natural polymer comprises a modified or unmodified member selected 
from a polypeptide, a protein, a polysaccharide, a fatty add. and a fatty add ester, or a combination of the forego- 
ing. 

40 13. the construct of item 1 1 . wherein said synthetic polymer comprises a homopolymer or heteropolymer. 

14. The construct of item 13, wherein said homopolymer or heteropolymer carries a net negative charge or a net 
positive charge. 

15. The construct of item 1 , wherein said construct exhibits a further biological activity imparted by said modified 
nudeotide. said nucleotide analog, said nudeic add entity, a ligand, or a oomblnatfon of the foregoing. 

45 16. The construct of item 15, wherein said biological activity is selected from nuclease resistance, cell recognition, 

cell binding, and cellular or nuclear localization, or a combination of the foregoing. 

1 7. The construct of item 1 . further comprising at least one ligand attached covalentiy or noncovalentiy to said nxxl- 
ified nucleotide or nudeotides, nucleotide analog or anatogs, non-niM^leic add entity or entities, or . a comt»nation 
thereof. 

50 18. The construct of item 1 7. wherein said ligand or ligands are attached to a single stranded segment, a double 
stranded segment, a single stranded construct tail, or a sequence conrplementary to a construct tail, or a combina- 
tion of the foregoing. 

19. The construct of item 17. wherein said ligand or ligands are selected from macromolecules and small mole- 
cules, or a combination of botti. 
55 20. The construct of item 1 . wherein said construct carries a net positive charge, or a net negative charge, or is neu- 
tral or hydrophobic. 

21. The construct of item 1. wherein said construct comprises unmodified nucleotides and at least one member 
selected from one or more nudeotide analogs and non-nudeic add entities, or a combination tiiereof. 

22. A construct v^ich when present In a cell produces a product, said construct being bound non-ion'ically to an 
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« 

entity conprising a chenracBlmodificafi^ ' 

23. The onstruct of item 2Zi having at least one ternrdnus. said terminus comprising a polynucieotxto taD. 

24/ The construct of item 23, Mfherein said pofynudeotide tail is hyt)ridized to a complementary polynucleotide 

sequma 

• 25. The oonstnjct of item 24. wherein an antibody is bound to said hytiridized pdyhudeolide tafl sequences. 
26. The ccKistru^ of item 25, wherein said antibody comprises a poiydonal or monoclonal antibody. 
27: A oonrposition comprising: 

(a) a nonhfiatuial entry which comprises: 

« * 

' at least one don^ to a nucieic add component; and , «. * 

* at least one domain to a ceO of interest; and 

V t 

• * 

(b) said mideic acid component; 

• • ' ' • 

wherein the domain or domains to said nudeic acid component are different from the domain or domains to said 
oeO. . • ' 

28. The composition of Item 27, wherein said entfly comprises a IM 

29. The oonpositk)n of 28, wherein said binder and sa^ 

30. The composition of item 28, wherein said binder and said domain are different 

31. The composition of item. 28, virheron said binder is selected from a polymer, a matrix, a support, or a combi- 
nation of any of the fbregolng: 

3i2. The compositioh of item 27, whertin saici nudeic add component is selected from a nudeic add, a nudeic add 
construct, a nucleic add corrugate, a virus, a viral fragnoent a viral vector, a viroid. a phage, a plasmid, a plasmid 
vector, a bacterium and a bacteria! fragment, or a combination of the foregoing. 

33. The composition d item 27, wherein said cell is protaryotic or eul«u^ 

34. The composition of item 27, wherein said domains are attached covalen^ or nohcoMalently^ or through a- 
binder, or a combination thereof. 

35. The composition of item 34. wherein said noncovalent binding is selected from ionic interactions and hydropho- 
bic.interactions, or a combination thereof. 

36. The compttHion of item 35, wherein said noncovalent binding conrprises a sjsedfic compleK. 

37. The composition of item 36. wherein said specific complex is medated tyy a Rgand binding receptor. 

38. The composition of item 37, wher^n said ligand binding receptor is seleded from a pofynudeotide sequence 
to be recognized its complementsiry sequatce. an antigen to be recognized by its oorresponcfing monoclonal or 
polyclonal antibody, an antibody to be recognized by its corresponding antigen, a lectin to be recognized bjf its cor* 
responding sugar, a hormone to be recognized by its receptor, a receptor to be recognized by its hormone, an Inhib- 
itor to be recognized by its enzyme, an enzyme to be recognized by its Irihibitor, a oofMbr to be recognized by its 
cofBctor enzyrne binding site, a cofactor enzyme binding site to be recognized by its cofactor. a binding figand to.be 
recognized by its sut>strate, or a osnfaination of tfie foregoing. 

39. The composHiori of item 28. wherein the domain to said nucleic add component and the donnain to said cell of 
interest are natural, and said binder is.attached to said nudeic add component by means other than a natural bind- 
ing site. 

40. The composition of item 39, wher^n said binder comprises modified f {bronectin or modified polylysine, or both. 

41 . The composition of iteni.27. wherein said cell of interest is contained within an orgariism. 

42. T}ie composition of iteni 27, further comprising said c^ 

43. A method of introdudng a nudeic add component into a ceD comprising: 

- (a) providing the composition of item 27, and 
(b) administering said conpos i tiori 

44. The method of item 43, w^erein.adn^nistering is carried out /n wV9^ 

45. The method of item 43. who'eiri adnrtinistering is carried out ex vivo. 

46. A lot for introdudng a mideic add component into a cell of interest, comprising in packaged containers or com- 
bination: 

» * * * 

(a) a non-natural entity which opnprises at least one domain to said nudeic add conponenl and a domain to 
said ceQ of interest; 

(b) a nudeic add conponenl ojplionally with . 

(c) buffiers and instructlo n a 
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47. A composition comprising: 

an entity which comprises at least one domain to a cell of interest, wherein said domain or domains are 
attached to a nudeic ackJ component which is in non-double stranded form. 

48. The composition of item 47. wherein said entity comprises a binder. 

49. The composition of item 48. wh^ein said binder ard sakj domain are the same. 

50. The composition of item 48. wherein said binder and sakJ domain are different. 

51 . The composition of item 48, wherein said binder is selected from a polymer, a matrix, a support or a combina* 
tion of any of the faegoing. 

52. The composition of item 47, wherein said cell is prokaryotic or eukaryotic. 

53. The composition of item 47, wherein said nucleic acid component is selected from a nucleic add. a nucleic ackJ 
construct, a nudeic acid conjugate, a virus, a viral fragment a viral vector, a viroid. a phage, a plasmid. a plasmid 
vector, a bacterium and a bacterial fragment, or a combination of the foregoing. 

54. The composition of item 47, wherein said domain is selected from covalent bonding and nonoovalent binding, 
or a combinatic^ thereof. 

55. The composition of item 54. wherein said noncovatent binding is selected from ionic interactions and hydropho- 
bic interactions, or a combination thereof. 

56. The composition of item 54. wherein said noncovalent binding comprises a specific complex. 

57. The composition of item 56, wherein said specific complex is mediated by a ligand binding receptor. 

58. The composition of item 57. wherein said ligand binding receptor is selected from a polynudeotlde sequence 
to be recognized t>y its complementary sequence, an antigen to be recognized by its corresponding monodonal or 
polyclonal antibody, an antibody to be recognized by its corresponding antigen, a lectin to be recognized by its cor- 
responding sugar, a hormone to be recognized by its receptor, a receptor to be recognized by its hormone, an inhib- 
itor to be recognized by its enzyme, an enzyme to be recognized by its inhibitor, a oofactor to be recognized by its 
cofactor enzyme binding site, a cofactor enzyme binding site to be recognized by its cofactor, a bincfing ligand to.be 
recognized by its substrate, or a combination of the foregoing. 

59. The composKion of item 47, wherein said cell of interest is contained within an organism. 

60. The composKion of item 47. further comprising said cell of Interest. 

61 . A method of introducing a nudeic acid component into a cell comprising: 

(a) providing the composition of item 47; and 

(b) administering said composition. 

62. The method of item 61 . wherein administering is carried out in vivo. 

63. The method of item 61 , wherein administering is carried out ex vivo. 

64. A kit for introducing a nudeic add component into a ceil of interest, comprising in packaged containers or com- 
binations: 

(a) an entity which comprises a domain to said cell of interest wherein said domain is attached to a nudeic 
add component which is in non-double stranded form, optionally with 

(b) buffers and instructions. 

65. A composition conprising: 

an entity which comprises a domain to a nudeic add component wh^ein said domain is attached to a cell of 
interest. 

66. The composition of item 65. wherein said entity comprises a binder. 

67. The composition of item 66, wherein said binder and said domain are the same. 

68. The composition of Item 66, wherein said binder and sakJ domain are different. 

69. The composition of Item 66. wherein said binder is selected from a polymer, a matrix, a support, or a combina- 
tion of any of the foregoing. 

70. The composition of item 66, wherein said nucleic add component is selected from a nudeic add, a nudeic add 
construct, a nudeic acid conjugate, a virus, a viral fragment a viral vector, a viroid. a phage, a plasmid. a plasnrtid 
vector, a bacterium and a bacterial fragment, or a oombinatksn of the foregoing. 

71 . The composition of item 65, wherein said cell is eukaryotic or prokaryotic. 

72. The composition of item 65. wherein said domain is selected from covalem bonding and nonoovalent binding, 
or a combination thereof. 
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73. The condition of item 72. wherein said noncovalent binding is selected from ionic interactions and hydropho- 
bic Interactions, or a combination thereof. 

74. The composition of item 72. wherein said noncovalent binding comprises a specific complex. 

75. The compositton of Hem 74, wherein said specific complex is mediated a ligand binding receptor. 

76. The composffion of item 75, wherein safd figand binding receptor is selected from a polynucleotide sequence 
to be recognized by its complementary sequerK^e. an antigen to be recognized by its corresponding monoclonal or 
polyclonal antibody, an amibody to be recognized by its corresponding antigen, a lectin to be recognized by its cor* 
responding sugar, a hornx>ne to be recognized by its receptor, a receptor to be recognized by its hormone, an inhib- 
itor to be recognized by its enzyme, an enzyme to be recognized by its inhSxtor, a cofactor to be recognized by its 
cofactor enzyme binding site, a cofactor enzyme binding site to be recognized by its cofactor. a binding ligand to be 
recognized by its substrate, or a combination of the foregoing. 

77. The composition of item 65. furth^ comprising said cell of interesL 

78. The composition of item 65. wherein said cell of interest is contained within an organism. 

79. A method of introducing a nucleic add conponen! into a eel) comprising: 



(a) providing the composition of item 65; and 

(b) administering said composition. 



80. The method of item 79, wherein administering is carried out in vivo, 

81 . The method of item 79. wherein administering is earned out ex vivo. 

82. A Kit for introducing a nucleic add component into a cell of Interest, comprising in packaged containers or com- 
bination: 



(a) an entity which comprises a domain to said nudeic add component, wherein said domain is attached to 
said cell of interest, optionally with 

(b) buffers and instructions. 

83. A multimeric complex composition comprising more than one monomeric unit attached. 

(a) to each other through polymeric interactions, or 

(b) to a binding matrix through polymeric interactions, or 

(c) both (a) and (b). 



84. The composition of item 83, wherein the polymer or digomer of said nrxsnomeric unit is linear or branched. 

85. The conposition of item 83. wherein the polymer or oligomer of said monomeric unit comprises of homopdy- 
mer or heteropolymer. 

86. The composition of item 83, wherein said nrx}nomeric unit comprises an analyte-spedfic moiety. 

87. The composition of item 86, wherein said analyte-specif ic moiety is capable of recognizing a component in a 
biological system. 

88. The composition of item 87. wherein said biological system is selected from a virus, a phage, a bacterium, a 
cell or cellular material, a tissue, an organ and an organism, or a comk)inatk>n thereof. 

89. The composition of item 83. wherein said monomeric unit is selected from a naturally occurring compound, a 
nrxxJified natural compound, a synthetic compound and a recombinantly produced compound, or a combination 
thereof. 

90. The composition of item 83. wherein said analyte-spedfic moiety is derived or selected from a protein, a 
polysaccharide, a fatty acid or fatty add ester and a polynucleotide, or a combination of the foregdng. 

91. The composition of item 90. wherein said protein is selected from an antibody, a hormone, a growth factor, a 
lymphokine or cytokine and a cellular matrix protein, or a combination of any of the foregoing. 

92. The oompositton of item 91 , wherein said antibody comprises a pdyclonal or monodonal antibody. 

93. The compositk)n of item 90, wherein said polynudeotkle is linear or drcutar. 

94. The composition of item 90, wherein said polynudeotlde is single stranded. 

95. The composition of Item 83. wherein the polymer or digomer of saki binding matrix is linear or t>ranched. 

96. The composition of item 83. wherein the polymer or oligomer of said binding matrix comprises a homopdymer 
or heteropolymer. 

97. The composition of item 83, wherein said binding matrix is selected from a naturally occurring compound, a 
modified natural compound, a synthetic compound and a recombinantly produced compound, or a combination 
thereof. 

98. The compositk>n of item 83, wherein said tending matrix comprises a member selected from a polypeptkle, a 
polynudeotkie and a polysaccharide, or a combination thereof. 
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99. The composition of item 83, wherein said polymeric interactions are selected from ionic interactions, hydrogen 
boncfing, dipole^Jipole interactions, or a combination of the foregoing. 

100. The composition of item 99, wherein said ionic interactions comprise pdycationic interactions or polycationic 
interactions. 

5 101. The composition of item 83, further comprising an entity attached to said binding matrix. 

102. The composition of item 101. wherein said entity comprises a ligand or a compound which increases binding 
of tfie t^'ndlng matrix 

103. The composition of item 83. in homogeneous form. 

104. The composition of item 83, in heterogeneous fomn. 

10 105. A process for dtiivering a cell effector to a ceD, comprising: 

providing the multimeric compi^ composition of item 83 wherein said monomeric unit comprises said ceil 
effector; and admtinistering said composition. 

IS 106. The process of item 1 05, wherein said composition is delivered in vivo, 

107. The process of item 105. wherein said composition is delivered ex wvo. 

108. The process of item 105. wherein said ceil is contained in an organism. 

109. A process fbr ddivering a gene or fragment thereof to a ceQ, comprising: 

20 providing the multimeric complex composition of item 83 wherein said monomeric unit comprises sakl gene or 

gene fragment; and administering said composition. 

110. The process of item 109, wherein said composition is delivered in vivo. 

111. The process of item 1 09, wherein said composition is delivered ex vivo. 
25 112. The process of item 109. wherein said cell is comtained in an organism. 

1 13. A multimeric composition comprising more than one component attached to a charged polymer, wherein said 
charged polymer is selected from a polycationic polymer, a polyionic polymer, a polynucleotide, a modified polynu- 
cleotide and a polynucleotide analog, or a combination of the fbregoing. 

1 1 4. The multimeric composition of item 1 1 3, wherein said component comprises a protelm. 

so 115. The multimeric composition of item 114, wherein said protein is selected from an antibody and an F(ab72 ^^9' 
men! or kxvth. 

1 16. The multimeric composition of item 1 15. wherein said antibody comprises a polyclonal or monoclonal anti- 
body. 

1 1 7. The multimeric composition of item 115, wherein said antibody is further complex vwth a target comprising an 
3S enzyme. 

1 18. A nucleic acid construct which when introduced into a cell codes for and expresses a non-rmtive polymerase, 
sakf polymerase being capable of producing more than one copy of a nucleic add sequence from said construct 

1 19. The construct of item 118, further comprising a recognitiom site for said non-native polymerase. 

120. The construct of item 119. wherein said recognition site is complementary to a primer fbr said non-native 
40 polymerasa 

121 . The construct of item 120,' wherein said primer comprises transfer Rf^ (tRI4A). 

122. The construct of item 118, wherein said non-native polymerase comprises a member selected from DMA 
polymerase. RNA polymerase and reverse transaiptase, or a combination thereof. 

123. The construct of item 122, wherein said RNA polymerase comprises a bacteriophage RNA polymerase. 

4$ 124. The comstruct of item 123. wherein said bacteriophage RNA polymerase is selected from T3, T7 and SP6. or 
a combination thereof. 

125. The construct of item 122; further comprising a pronrroter for said RNA polymwase. 

126. The construct of item 1 1 8. wherein said nucleic acid produced from said construct is selected from DNA, RNA, 
a DNA-RNA hybrid and a DNA-RNA chimera, or a combination of the foregoing. 

60 1 27. The construct of item 126, wherein said DNA or RNA comprises semse or antisense, or both. 

128. A nucleic acid construct which when introduced into a cell produces a nucleic acid product comprising a non- 
native processing element, which when in a compatible cell, said processing element is sukistantially removed dur- 
ing processing. 

1 29. The construct of item 128, wherein said processing element comprises an RNA processing element 

55 1 30. The construct of Item 1 29, wherein said RNA processing element is selected from an intron, a polyadenytation 
signal and a capping element, or a combination of the foregoing. 

131. The construct of item 128. wh&rein said nucleic acid product is single stranded. 

132. The construct of item 128, wherein said nucleic add product is selected from antisense RNA. antisenae DNA. 
sense RNA, sense DNA, a ribozyme and a protein bincSng nudeic acid sequence, or a conftbination of the forego- 
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ing. 

133. The composition of rtem 132, wherein said protein binding nucleic acid sequence conprises a decoy that 
binds a protein required for viral assembly or viral replication. 

134. A process for selectively expressing a nucleic add product in a cell, which product requires processing lor 
s functioning, said process con^rising: 

(i) provicfing a nucleic acid construct which when introduced into a ceil produces a nucleic add product com- 
prising a non-native processing eienent. virhich when In a compatible cell, said processing element is substan- 
tially removed during processing; 
10 and 

pi) introdudng said construct into said ceO. 

135. The process of item 134. wherein said processing element comprises an RNA processing element selected 
from an intron, a polyadenylation signal and a capping element, or a combination of the foregoing. 

75 136. The process of item 134, wherein said nucleic add product is selected from antisense RNA, antisense DNA, 
sense RNA. sense DNA, a ribozyme and a protein binding nucleic acid sequence, or a combination of the forego- 
ing. 

137. Ihe process of ii&n 134, wha-ein said construct is introduced ex w'vo into said ceD. 

138. The process of item 137. wherein said construct is introduced in vh/o Into said cell. 

so 139. The process of rtem 134. wherein sad construct is introduced into a biological syst^ containing said cell. 

140. The process of item 1 39. wherein said biological system is selected from an organism, an organ, a tissue and 
a culture, or a combination of the foregoing. 

141. A composition comprising a primary nudeic add component which upon introduction into a cell produces a 
secondary nudeic acid component which is capable of producing a nudeic add product, or a tertiary nucleic add 

26 component, or both, wherein said primary nudeic add component is not obtained with said secondary or tertiary 
component or said nudeic add product 

1 42. The oomposition of item 1 41 . wherein said cell Is eukaroytic or prokaryotic. 

1 43. The oomposition of Item 141 , wherein said primary nudeic add component Is sheeted from a nucleic add, a 
nudeic add construct, a nudeic acid conjugate, a virus, a viral fragment a viral vector, a viroid, a phage, a phage. 

90 a plasmid, a plasmid vector, a k>acterium and a iHcterial fragment or a combination of the foregoing. 

144. The composition of item 141. wherein said primary nudeic add component is single-stranded, double- 
stranded or partially double-stranded. 

145. The oomposition of item 141, wherein said primary nucleic acid component is selected from DNA. RNA and 
nucleic add analogs, or a combination thereof. 

35 1 46. The composition of item 1 45. wherein said DNA, RNA or both are modified. 

147. The oomposition of item 141. wherein said secondary nudeic acid component or said tertiary nudeic add 
component is selected from DHA, RNA, a DNA-RNA hyt>rld and a DNA-RNA chimera, or a confi)lnation of the fore- 
going. 

148. The oomposition of Item 141. further comprising a signal processing sequence 

40 1 49. The composition of item 1 48. wherein said signal processing sequence is selected from a promoter, an irtitia* 
lor. a terminator, an intron and a cellular localization element, or a comt^nation of the foregoing. 
150. The composition of item 148. wherein said signal processing sequence is contained in an element selected 
from said primary nudeic add component, said secondary nudeic add component, said nudeic acid product and 
sard tertiary nucleic add component or a combination of the foregoing. 

45 1 51 . The composition of item 1 41 , wherein said nudeic add product is single-stranded. 

152. The composition of item 141. wherein said nudeic acid prodiKt is selected from antisense RNA. antisense 
DNA. a ribozyme and a protein binding nucleic acid sequence, or a combination of the foregoing. 

153. The composition of rtem 152, wherein said protein binding nucleic acid sequence comprises a decoy that 
binds a protein required for viral assembly or viral replication. 

so 1 54. The oomposition of item 141 . wherein said conponent or nucleic add production is mediated by a vector. 

1 55. The composition of item 1 54, wherein said vector is selected from a viral vector, a phage \^ctor and a plasmid 
vector, or a combination thereof. 

1 56. A cell containing tiie composition of item 141 . 

1 57. The ceil of item 1 56. wherein said cell is a eukaryotic or prokaryotic: 

55 1 58. The cell of item 1 56. wherein said composition has been introduced ex vivo into said cdl. 

159. The cell of item 156. wherein said oomposition has been introduced in vivo into said cell. 

160. A secondary or tertiary nucleic acid component or nucleic acid product produced from the oomposition of item 
1. 

161. A oomposition of matter comprising a nudeic add component which when present in a cell produces a non- 
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natural nucleic acid ^oduct. which product oomprises (0 a portion of a Iodizing localizing entity, and (li) a ruicleic 
add sequence of interest 

162. The conposition of item 161 , wherein said portion of the localizing entity (i) is sufficient to permit localization 
of said non-natural rujdeic acid product 

163. The compositton of item 161. wherein said said portion of the localizing errtity (i) comprises a cytoplasmic or 
nudear localization signaling sequence. 

164. The conriposition of item 161. wh&^n said nucleic add sequence of interest (ii) is selected from DMA, RNA, 
a DNA-RNA hytvtd and a DNA-RNA chimera, or a combination of the foregoing. 

165. The composition of Item 164, wh&ein said RNA comprises a nudear localized RNA complexed with protein 
nx)lecules. 

166. The composition of Hem 165, wherein said nudear localized RNA oomprises a snRNA. 

167. The composition of item 166. wherein said snRNA comprises U1 or U2. or both. 

166. The composition of item 161. wherein said non-natural nudeic add product is single-stranded. 

169. The composition of item 161. wherein sad non-natural nudeic acid product is selected from antisense RhiA, 
antisense DMA, sense RNA, sense DNA. a ribozyme and a protein binding nudeic add sequence. 

170. The composition of item 169, wheran said protein binding nucleic acid sequence comprises a decoy that 
binds a protein required for a viral assembly or viral replication. 

1 71 . The composition of Hern 169, wherein said non-natural nudeic add product comprises antisense RNA or anti* 
sense DNA and said portion of the localizing entity (I) comprises a nuclear localization dgr^lllng sequenca 

172. The composition of item 169, wherein said non-natural nudeic add product oomprises antisense Rf^ or anti- 
sense DNA and said portion of the localizing entity (I) comprises a cytoplasmic iocarization signalbig sequence. 

173. The composition of item 169. wherein said non-natural nudeic add product comprises sense RNA or sense 
DNA and said portion of a localizing entity (I) comprises a cytioplasmic localization dgnailing sequenca 

174. The composition of item 161, wherein said nudeic add component is selected from a nudeic add. a nudeic 
add construct, a nudeic add conjugate, a virus, a viral fragment a viral vector, a viroid, a phage, a plasmSd. a plas- 
mid vedor, a bacterium and a t)acterlal fragment, or a combination of the foregdng. 

1 75. The composition of item 1 74. wherein said nucleic add Is selected from DNA, RNA, a DNA-RNA hylxid and a 
DNA-RNA chimera, or a combination of the foregoing. 

1 76. The composition of item 1 74. wherein said nudeic add is nmlified. 

1 77. The composition of item 161 . wherein said cell is eukaryotic or prokaryotic. 

1 78. The composition of item 161 . wheren the production of said nucleic add pr duct Is mediated by a vector. 

1 79. The composition of item 1 78. wherein said vector is selected from a viral vector, a phage vector and a plasnnd 
vector, or a corrtbination thereof. 

180. A cell containing the composition of item 161. 

181. The cell of item 180. wherein said cell is eukaryotic or prokaryotic. 

182. The cell of item 180, wherein said composition has been Introduced ex vivo Into said cell. 

183. The cell of Item 180, wherein said composition has been introduced in vivo into said cell. 

184. A biological system containing the cell of item 180. 

185. The biological system of item 184, wherein said system is selected from an organism, an organ, a tissue and 
a culture, or a combination thereof. 

186. A process for localizing a nudeic add product in a eukaryotic cell, comprising: 

(a) providing a composition of matter comprising a nudeic add component which when present in a cell pro- 
duces a non-natural nucleic acid product, which product comprises: 

(i) a portion of a localizing entity, and 
(ID a nudeic add sequence of interest; 

and 

(b) introducing saU composition Into said cell or Into a bidogical system containing said cell. 

187. The process of item 186. wherein said portion of the localizing entity (I) Is suffident to permit localization of 
said nudeic acid product 

188. The process of item 186, wherein said nucleic acid product comprises antisense RNA or antisense DNA and 
said portion of a localizing entity (I) conqxises a nudear locatizatlon signalling sequence. 

1 89. The process of item 1 86. v^erein said rujcleic acid produd comprises sense RNA or sense DNA and said por- 
tion of a localizing entity (i) conprises a nuclear localization signalling sequenca 

1 90. The process of item 186, wherein said nucleic ackJ produd comprises sense RNA or sense DISIA and saki por- 
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tion of a localizing entity (Q conprises a nuclear localization signalling sequence. 

191. The process of item 186, wherein said nud^c acid product comprises snRNA. 

192. Ihe process of item 191. wherein said snRNA comprises U1 or U2 or both. 

193. The pra:ess of item 186, wherein said composition is introduced ex vno into said cell or into a biok^icai sys- 
tem containing said cell. 

194. The process of Hern 186, wh«'ein said oonposition is introduced in wVo into said cell or into a biological sys- 
tem containing said cell. 

195. A nudeic acid component which upon introduction into a cell is cap2d>le of producing more than one specific 
nudac acid sequence, each such specific sequence so produced being substantially nonhomologous with each 
other and being either complementary with a specific portion of a single-stranded nucleic acid of interest in a ceQ 
or capable of binding to a specific protein of interest in a cell. 

196. The nucleic acid component of item 195, wherein said single-strarxied nucleic adds of interest are part of the 
same polynucleotide sequence or part of different polynudeotide sequences^ 

197. The nucleic add component of item 195. wherein said single-stranded nudeic adcte of interest comprise a 

viral sequence. 

198. The nudeic add component of item 195. wherein said component Is derived or selected from a nucleic add. 
a nudeic add construct, a nucleic add conjugate, a virus, a viral fragment a viral vector, a phage, a piasmid, a bac- 
terium and a bacterial fragment, or a combination of any of the foregoing. 

199. The nudeic add component of item 195. wherein said nudeic acid is selected from DMA, R^^A and nucleic 
acid analogs, or a comt>ination hereof. 

200. The nucleic acki component of Item 199. wherein said DNA or RNA is modified. 

201 . The nudeic acid component of item 1 95. comprising either more than one promoter or more than one initiator, 
orboth. 

202. The nudeic add component of item 195. wherein each said specific nudeic add sequence product Is capable 
of being produced independently from either different promoters, different Initiators, or a combination of both. 

203. The nucleic acid component of item 1 95. wherein said specific nucleic acid sequence products are either com- 
plementary to a viral or cellular RNA. or bind to a viral or cellular protein, or or a combination of the fbregoing. 

204. The nudeic acid component of item 203, wherein said complementary specific nudeic add sequence prod- 
ucts are capable of acting as antisense. 

205. The nudeic acid oomppnent of item 204, wherein said viral or cellular protein comprises a localizing protein 
or a decoy protein. 

206. The nudeic add component of item 205. wherein said localizing protein comprises a rtudear localizing proton 
or a cytoplasmic localizing protein. 

207. The nudeic add component of item 205. wherein said decoy protein binds a protein required for viral assem- 
bly or viral replication. 

208. The nudeic add component of item 195, wherein said specific nudeic acid sequence products are sheeted 
from antisense RNA. antisense DNA, a ribozyme and a protein binding rujcleic add sequence, or a combination of 
any of the foregoing. 

209. The nudeic acid component of item 195, further comprising a means for delivering said component to a cell 
containing the nucleic add of interest or the specific protein of Interest 

210. A process for increasing cellular resistance to a vinjs of Interest, comprising: 

(a) providing: 

(i) transformed cells phenotypically resistant to said virus; and 

(li) a reagent capable of tending to said virus or to a virus-specific site on said cells; 

and 

(b) administering said reagent to a biological system containing said cells to increase the resistance of said 
cells to the virus of Interest 

211. The process of item 210. wherein said biological system, is selected from an organism, an organ and a tissue, 
or a combination thereof. 

212. The process of item 210. wherein said viral resistant cells (i) are eukaryotic or proKaryotic. 

213. The process of item 210, wherein said viral resistant cells (i) comprise a nucleic acid sequence sheeted from 
antisense RNA, antisense DNA, sense RNA, sense DNA, a ribozyme and a protein binding nudeic acid sequence, 
or a combination of the foregoing. 

214. The process of item 210, wherein said virus binding reagent (il) is selected from an antibody, a virus binding 
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protein* a cell receptor protein and an agent capat)le of stimulating production of a virus bincfing protein, or a oonrv- 
binatlon of the foregoing. 

215. The process of item 214. wherein said antlt>ody comprises a potydonal or monoclonal ant^Mdy. 

216. The process of item 215, wherein said polydorBl or monoclonal antibody is ^>ecific to an epitope of said virus 
5 of interest 

217. The process of item 214. wherein said vims binding proten conges a CD4 rec^r. 

21 8. The process of Item 21 4. wherein said cell receptor protein comprises a gp24 protein. 

219. The process of item 214, wherein said production stimulating agent is selected from an immunologicai 
response enhancing adjuvant and a viral antigen, or a combination of both. 

10 220. The process of item 210 wherein said reagent (ii) Is adnrunistered in vivo to said ceDs. 

221. The process of item 210. wherein said reagent (ii) is administered ex vivo to sakJ cdls. 

222. The process of item 210. further comprising administering an additional viral resistance enhancing agent (iii). 

223. The process of item 222, wherein said adcfitional viral resistance chancing agent (iii) is selected from a pro- 
tease inhibitor, a nucleoside analog, or a oomk^nation thereof. 

IS 224. The process of item 222. wherein said additional viral resistance enhancing agent (Si) is adnvnistered before 
administering said tending reagent (ii). 

225. The process of item 222. wherein said additional viral resistance enhancing agent CuQ is administered after 
administering said binding reagent (iQ. 

226. The process of item 222, wherein said additonal viral resistance enhancing agent (iiQ is administ^ed at about 
20 the same time that said binding reagent (ii) is administered. 

227. A biological system with increased viral resistance obtained by the process of item 210. 

228. A biological system with increased viral resistance obtained t>y the process of item 222. 

229. A nucleic acid construct which when Introduced into a cell produces a non-natural product, which product 
comprises two conponents: 

0) a binding component capat>le of binding to a cellular conponent; 
and 

(ii) ft localization component capable of dislocating said cellular component when bound to said product 

30 230. The construct of item 229. wherein sad product comprises a protein or a nucleic acid, or a combination of 
both. 

231 . The constaict of item 230. wherein said proton comprises an antibody. 

232. The construct of item 231 . wherein said antibody comprises a polyclonal or monoclonal antibody. 

233. The construct of item 232 wherein said polyclonal or monoclonal antibody is directed to a cellular component 
3$ inside the cell. 

234. The construct of item 229. wherein said cellular component is selected from a nucleic add, a protein, a virus, 
a phage, a product from another construct, a metatx)lite and an allosteric conpound, or a combination of the fore- 
going. 

235. The construct of item 234, wherein said protein is selected from a viral or non-viral enzyme, a gene suppres- 
40 sor. a phosphorylated protein, or a combination of the foregoing. 

236. The construct of item 235, wherein said phosphorylated protein conprises an oncogene. 

237. The construct of item 229, wherein said binding component of said product Is selected from a nudeic add, a 
protein and a binding entity, or a combination thereof. 

238. The construct of item 229, wherein said nudeic add comprises a sequence selected from a complementary 
45 sequence to said cellular conponent and a sequence to a nudeic acid binding protein, or a combination of both. 

239. The construct of item 237, wherein s£ud protein is selected from an antibody, a receptor and a nudeic add 
binding protein, or a combination of the foregoing. 

240. The construct of item 237. wherein said binding entity is capable of binding metabolites. 

241 . The construct of item 229, vtrherein said localization component is selected from a nudear localizing entity, a 
so cytoplasmic localizing entity and a cell membrane localizing entity, or a conri)ination thereof. 

242. The construct of item 229, wherein said localization conponent comprises a menrPer selected from a nudeic 
acid sequence, a nucleic acid structure and a peptide or oligopeptide, or a combination of the foregoir)g. 

243. The construct of item 242. wherein said nucleic add structure comprises a stem and loop structure. 

244. A process for dislocating a cellular conponent In a cell, comprising: 

55 

(I) providing: 

(a) a nudeic add construct which when introduced into a cell produces a non-rBtural product, which prod- 
uct comprises two components: 
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(i) a binding ccmiponent capable of binding to a cellular component: and 

OO a localization component capable of dislocating said cellular component when bound to said prod- 
uct; 

arxj 

(II) introducing said nudeic add construct Into a cell of interest or a biological system containing said cell of 
int&'est 

The many examples which follow are set forth to illustrate various aspects of the present invention, but are not 
intended to limit in any way the scope of the invention as more particularly set forth in the daims below. 

DESCRIPTION OF THE PREFERRED EMBODiMENTS 

Examples 

Example 1 Preparation of a two segment CHENAC in which the Ligands and Chemical Modifications are Localized in 
One Region of One Segment. 

(i) Description of construct 

A construct is prepared from one unmodified strand segment and a modified primer segment (Figure la). The 
unmodified single-stranded circle is derived from a plasmid that contains the desired sequences for bidogical funtion 
and it also contains an F1 packaging signal. (Plasmids of this nature are availat)le from a variety of commercial 
sources.)- An E. coll host containing this plasmid Is infected with M13 helper phage to obtain single-stranded DNA pack- 
aged into phage partides. DNA can then be prepared by a variety of commonly used procedures. The oligomer primer 
IS synthesized with an allylamine phosphoramidlte (prepared by the method of Cook et al.. 1988) and then modified with 
tri-lactyl lysyl lysine as described below. The unmodified segment contains a sequence complementary to the modified 
primer segment. After exposure of the construct to the target cells, the galactose moieties provide binding to their nat- 
ural receptor and transport the complex into the cell. In the present example, the primer is extended by DNA polymer- 
ases in the cell to convert the construct to double-stranded form. (Figure 1b) which allows the construct to express 
sequences specifying biological function in the unmodified region of the CHENAC (designated by the solid iDiack region 
in Figure lb). In this example the txologlcal function region of the construct is separated from the region bearing the 
ligands and chemical modifications. 

(ii) Preparation of Lactyl isothiocyanate 

p-Nitrophenyl-p-D tactopyranoside (Toronto Research Chemicals, Inc. Catalog # N503d5) is converted into p-teo- 
thiocyano-p-D tactopyranoside by the method described by Rafestin et al. (FEBS Letters 62-66. 1974). 

(iii) Preparatton of trilactyl derivative 

0.7 g LysylLysine dihydrochlaide (Sigma Chemicals) is dissolved in 30 ml of H2O. 4 g of p-lsothlcyano-p-D lacto- 
pyranoside (approximately 8 mMoles) from step (i) Is added and the reaction is stirred for 4 hours at room temperature. 
During this time the pH of the mixture was adjusted to 9.0 and maintained at that value by the addition of 0.2M NaOH. 
At the end of the reaction, the volume is adjusted to 500 ml with HgO and loaded onto a DEAE-DE52 ceDulose colunrm 
(previously adjusted to pH 9.0 and then equilibrated with 0.05 M TRIS buffer. pH 9.0). Unreacted LysylLysine remained 
unabsorbed to the column and is removed by washing the column with 0.01 M UCI. The product is eluted with 0.1 M 
UCI and the fractions from the column are analyzed for UV absort)ance at 260 nm. The peak is collected and the H2O 
evaporated under vacuum. The dry residue is triturated with an ethanol/ether (3:1) mixture to remove the LiCI. leaving 
a solid product. The yield of tri-Lactyl-LysylLysine is approximately 80%. 

(iv) Activation of tri-Lactyl-LysylLysine 

0.5g of tri-Lactyl-LysylLysine (0.25mMoles). prepared in step (iii). is dissolved in 30 ml of dry Dimethylformamlde. 
1 g of N-Hydroxy-suoclnimide is added, followed by 50 mg of Dicydohexylcarbodiimide. The reaction is allowed to pro- 
ceed overnight at room temperature. The following day it is evaporated under vacuum. The residue is triturated two 
times with 25 ml of isopropanol for 30 minutes each at room temperature to remove unreacted Dicydohexylcarbodiim- 
ide and the excess of N-Hydroxysuccinimide. The product is then washed over a fitter with absolute ether, the ether 
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removed and the product used without arry hirlher purif icatica 

(v) Lactc^ylation of the nucleic acid portion 

5 1 mg of an oligomer designed to be the primer shown in Figure 1 is dissolved in 4 ml of 0.7M UCt. 0.1 M bicartx)- 
nate buffer (pH 7.8). 20 mg of tr'hLactyl-Lsyl Lysine active ester (an approximately 10-fold excess of the reagent com- 
pared to the nurrbef of allyfamine groups) prepared in step («i) rs dissolved in 1 ml of Oimethytformamlde and added 
and the mixture was stinred for 6 hours at room temperature. The mixture is evaporated under vacuum and subse- 
quently dissolved In 1 ml of H2O. The solution is centrifuged to remove insoluble material and the supernatant was 6ut>- 

10 jected to G50 column chromotography and the DNA fractions combined. 

Example 2 A double-stranded version of EXAMPLE 1 

The construct descn*bed in Figure 1a from EXAMPLE 1 is again used but prior to exposing the DNA to the target 
IS cells, the primer Is extended in vitro by the action of Klenow enzyme (Klenow fragment of DNA polymerase 0 to convert 
the construct into the completely double-stranded DNA molecule shwon in Figure 1b. Primer extension is perlbrmed 
under appropriate conditions to avoid strand dsplacement, for example by carrying out the synthesis at 14*C so that 
the newly synthesized strand stops at the position of the S end of the primer. 

20 Example 3 Preparation of a two segment CHENAC in which one segment has dispersed ligands and chemical modifi- 
cations. 

(i) Description of the construct 

25 A construct Is prepared from an unmodified strand segment and a modified primer segment (Figure 2). The modi- 
fied segment is a DNA oligomer prepared by chemical synthesis such that it contains aliylamine deoxyuridine bases aa 
described previously. Peptides are synthesized that contain sequences for a) a fusogenic peptide derived from influ- 
enza (Lear and DeGrado. 1987, J. Biol. Chem. 6500 ) and b) a peptide promoting localisation to the nucleus of a 
cell (Kalderone et al., 1984, Cell 23: 499). The peptides are joined to the ally amine moieties by the procedure given 

30 below. The modified primer is complementary to a region in the unmodified segment The primer is hybridized to the 
unnxxiif ied segment and extended by Klenow enzyme in the presence of a nucleoside triphosphate mixture containing 
lactyl-deoxyuridine triphosphate precursors (described below) using the sequence of the unmodified segment as tem- 
plate. Synthesis (polymerization) of the nascent strand is performed at U'C, so that extension stops at the position of 
the 5* end of the primer (Figure 2b). 

(ii) Synthesis of peptides for. addition into the DNA primer 

The sequence coding for the Fusogenic Peptide (Gy-Phe-Phe-Gly-AIa-lle-Ala-Gly-Phe-Leu-Glu-Gly-Qly-Trp-Qlu- 
Gly-Met'lle-Ala-Gly) and the sequence coding for the Nuclear Localisation Peptide are synthesized chemically with an 
40 additional cysteine group added onto the carboxy terminus of each. 

(iii) Addition of peptides to allylamines 

The aliylamine modified nucleic acids are reacted witii a 10-fold excess of 3-mateimidopropionic acid N-Hydroxy 
45 succinimide ester in 0.7 M Lid. t}icart)onate buffer (pH 7.9) and incut>ated at room temperature for 40 minutee. At the 
end of the reaction, the pH is adjusted to 6.0 with acetic acid. The unreacted NHS ester (and its hydrolysis product) are 
removed by extraction with n-butanol two times. The DNA is precipitated with 4 volumes of Etiianol at -70''C. The pellet 
is then resuspended In 0.1 M sodium acetate buffer (pH 6.0) in a minimum concentration of 1 mg/ml The derivatized 
DNA is mixed with the desired amount of thiol-containing fusogenic and nuclear localisation peptides from step (ii) and 
so reacted at room temperature Ibr 6 hours. The unreacted maleimido residues on the DNA are quenched by the addition 
of p-mercapto-etiianoi. 

iv) Synthesis of Lactyldeoxy UTP 

55 lO^mOles allylaminb deoxyUTP (Enzo Biochem, Inc.) are dissolved in 6 ml of 0.7M Lithium Chloride. 0.2M sodium 
t)icartx>nate. pH 7.8 and mixed with 20Hmoles of the lactyl-isotiiicyanate (described previously) dissolved in 2 ml of 
Dimethylfbrmamide. The mixture vi^s reacted for 40 minutes at 25''C and tiien diluted to 1 00 ml with distilled water and 
loaded onto a 100 ml bed volume DEAE Sephadex A25 column. The column was washed virith 100 ml 0.05 M trlethyl- 
ammonium bicartx)nate buffer (pH 7.8] and the product was eluted with a linear gradient of 0.05 M -0.6 M trietfrylam- 
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monfum bicarbonate buffer (pH 7.8). The fractions with maxmial UV absort>ance at 290 nm were coQected and tte 
triethytammoniuni bicart>onate was rennoved in vacuo in the rotary evaporator at 35*^0. The solid residue containing the 
lactyldeoxy UTP is dissolved in 10 mM tris buffer pH 8.0 and used as a substrate for DMA polymerasa 

s Example 4 Preparation of a two segment CHENAC In which one segment has dispersed ligands and chemical modifi- 
cations inooporated by r^nudeotide moietie& 

A single-stranded DNA oonstruct is derived as described in Example 1 . A second strand made up of RNA is nude 
by incubation of the DNA template with RNA polymerase and a mixture of rbonucleotides according to the method 

10 descried in Stavrianopoulos et al. (1972. Proc. Nat. Acad. Sci. g9: 2609). Two types of modified ribonucleotides are 
included in this mixture; lactyl-UTP and allytamine UTP The allytamine UTP is commerdalty available (ENZO Blochem, 
Ina) and the lactyl-UTP is synthesized as previously descn'bed for the lactyl-deoxy-UTP in Example 1 except the ribo 
derivative of allylamine UTP is used as the starting material. After the RNA strand Is synthesized, it is separated from 
the DNA template strand by meKing and then the the ailyanvne nucleotides wo^e modified further by the addition of 

15 fusogenic peptides as described previously in Example 3. The strands were then iallowed to reanneal to form the final 
structure shown in Figure 3. 

Exanyle 5 Preparation of a Three Segment CHENAC Containing a Modified Single Stranded Tail. 
20 (i) Description of the construct 

This oonstruct is prepared from two unmodif ied complementary DNA segments (Segments 1 and 2) and a modified 

DNA segment (Segment 3). Segment 1 and Segment 2 are hybridized together to form a gapped circle with the gapped 
region being complementary to Segment 3. The final assemt)ly of these segments are shown in Figure 4. The methods 
25 for creating the individual components and assembling them into the final construct are given below 

. GQ Preparation of the gapped drde 

a) Segment 1 is prepared from plasm'id DNA as described previously in Example 1. However, in this particular 
30 example, the starting plasmid contains the F(+) packaging signal. Since single-stranded DNA is not a suitable sub- 
strate for most restriction enzymes, a small portion of the drcular single-stifanded Df^ is transformed into double- 
stranded form by hybridization with an oligo that is complementary to an appropriate restriction site. In this exam- 
ple, the restriction enzyme is Swa I and the oligo has been modified by the inclusion of biotinylated nucleotides 
(Cook, et al. 1988) at the ends. After digestion, the Sma I digested duplex DNA is destabilized and the biotinylated 

sff oligo has a much lower affinity. Purification of the cleaved single-stranded linear DfsIA is achi^ed by passing the 
digest over a strepavidin column and collecting the material that does not bind. 

b) Segment 2 is prepared by preparation of two complementary olgonucleotides (GAP- 1 and QAP-2) and hytxid- 
izing them together to form an unmodified dout)le stranded oligonudeotide whose sequence will constitute the gap 

40 in the construct The starting plasmid Is the same one that was used to make Segment 1 , except it contains the F(- 
) packaging signal. The introduced oligonucleotide (QAP-1/GAP-2) contains terminal restriction sites for the restric- 
tion enzyme Sma 1 in order to facilitate its insertion tiy restriction digestion and ligation. After doning of a plasmid 
with the oligonudeotide inserted into the proper site, circular single-stranded Segment 2 DNA is obtained as shown 
in Figure 5. 

45 

c) Segments 1 and 2 are annealed together to form a gapped drcle where the single-stranded region contains the 
GAP-2 sequence. The overall process of steps ii-a. ii-b and ii-c are shown in Figure 5 

(iii) synthesis of Segment 3 

so 

Segment 3 is pr^red t>y synthesizing an oligomer similar to QAP-1 which differs from, this oligomer in not having 
the Sma I sites added onto the end and also by being synthesized with allylamine moieties. After synthesis of the oli- 
gomer, the altylamine-modif ied nucleotides are further modified by the addition of the trOactyl lysyl lysine derivative as 
desatbed prevfously. Segment 3 was processed further by the steps given below. 

55 

(fv) Addition of modified 3'tan to Segment 3 

1 mg of the lactosylated* oligomer (Segment 3) is dissolved in 10 ml of a reaction mixture confining 0.2 M 
cacodylate (pH 6.8). 1 mM deoxythymidlne Triphosphate. 0.3 mM allylamine-deoxyuridine triphosphatei 1 mM cobalt 
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diloride, 1 mM p-mercaptoethanol and 40.000 units of terminal transfersse. The mixture is incubated for 2 hours at 
dS^'C and stopped by the addton of EDTA. Enzyme is removed by absorption to a pho^ocelluiose a>lumn at pH 6.0 
and the flow-through is collected, precipitated with ethano) and redissotved in 2m) of 0.1 mM EDTA. The final product 
has a poly-dT tail with approximately 1/4 of the bases containing allylamine groups. Fusogenic peptides are then added 
s onto the allytanrtine mdeties as described previously. 

M Final assembly 

The final construct shown in Rgure 4 was formed by the hybridzaUon off the gapped drde aeated in step (u-c) with 
10 the taOed oligomer created In step (iv) through the complementary of the GAP-1 and GAP-2 sequences. 

Example 6 Preparation of a Three Segment CHENAC Containing an Unmodified Single Stranded Tail capable of 
hybridizing to homopolymers containing Lt|^ind& 

16 This construct was created in the same manner as the construct described in Example 5. except that after synthe- 
sis of the oligomer for Segment 3. the fusogenic peptide was added to the allylamine derivatives instead of the lactyl 
derivatives and the synthesis of the 3' tail was cammed out in the presence of unnrxxiif ied dATR As in the previous exam- 
ple. Segment 1 , Segment and Segment 3 were assentbled together to make a double stranded circle wHh a 3* single- 
stranded tail. However, as shown in Figure 6 a further step was added in which segment 4 was added to the complex. 

20 This segment was formed by extension of a Thymine tetranudeotide with Terminal transferase in the presence of a mix- 
ture of TTP and the lactyl-dUTP in a ratio of 3:1 using the same conditions described previously. Hybridization of Seg- 
ment 4 to the complex results in the final construct shown in Rgure 6. 

Example 7 Construction of an RNA derived CHENAC 

26 

A construct is made with the appropriate structure shown in Rgure 7. Transcription is carried out in vitro by use of 
a T7 promoter directing the synthesis of the sequences of interest The transcript contains a) sequence A B, which rep- 
resents a sequence complementary to a lactylated DNA primer (prepared as desaibed previously), b) sequerv:e C D 
which represents a CMV promoter for directing synthesis of a transcript in vivo, c) sequence E F which represents a 

30 sequence for biological function which will be expressed after transaiption by the CMV promoter and cl) sequence G H 
which is designed such that its complementary sequence will be a primer bincfing site similar to the one used by HIV to 
bind a cellular tRNA*y^ as a primer for reverse transcriptase. After transcription of the RNA in vitro, the modified primer 
is annealed to the RNA to form the complex shown in Rgure 7. This complex could be used either in vivo, ex vivo or in 
vitro to bind the RNA to a target cell through a ligand/i'eceptor interaction. After endocytosis, some portion of the the 

36 RNA should be available in the cytoplasm for further processing and activity. Rgure 8 shows the pathway that would 
occur in the presence of reverse transcriptase activity. This activity can be provided ^ther by targeting a cell that has 
this activity already present (either intrinsically or due to a retroviral infection) or by introdudng It by any of a variety of 
means known to those skilled in the art The end result of the steps shown in Rgure 8 is a double stranded linear piece 
of DNA which will be capable of producing transcripts that provide a desirable biological activity. 

40 

Example 8 Construction of an RNA derived CHENAC with multiple primers 

A construct is made with the appropriate structure shown in Rgure 9. Transcription is carried out in vitro by use of 
a T7 pronrK)ter directing the synthesis of the sequences of interest. The construct in this example is similar to the one 

45 descrit>ed In Example 8 except that it is intended to produce an RNA that will be annealed with multiple primers rather 
than a single modified primer. One or more of these primers can be modified. In the present example, the transcript con- 
tains a) sequence A B, which represents a sequence conplementary to a lactylated DNA primer (prepared as 
described previously), b) sequence C D , which represents a sequence complementary to a modified DNA primer that 
has fusogenic peptides attached (prepared as described prevkuisly) c) Sequence E F, which is an unmodified primer d) 

60 sequence G H whk^h represents a CMV promoter for directing synthesis of a transcript in wvo. e) sequence I J K which 
represents a sequence for biological function whuch will be expressed after transcription by the CMV pronuster and d) 
sequence L M which is designed such that its complementary sequence will be a primer Birding site sinnlar to the one 
used by HIV to bind a cellular tRNA'^^ as a primer for Reverse Transcriptase. For the purposes of clarity, the appended 
modifications are not deleted in Rgure 10. After transcrqstion of tfie RNA in vitro, the primers described above are 

66 annealed to the RNA to form the complex shown In Rgure 9. This complex could be used either in vivo, ex vivo or in 
vitro to t)tnd the RfsiA to a target cell through a ligand/receptor interaction. The iigand modified firlmer will promote 
uptake of the complex and after endocytosis the fusogenic peptide nrxxfif led primer will promote the release of the RNA 
from the endosomes. Figure 10 shows the pathway that wouki occur in the presence of Reverse Transcriptase activity. 
This activity can be provided either by targeting a cell that has this activity already present (either intrinsically or due to 
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a retroviral infection) or by introducing it t>y any of a variety of means known to those skilled in the art The end result of 
the steps shown in Figure 10 is a series of double stranded Gnear piece of DNA (each initiated from one of the primers 
from the complex formed in vitro) which will be capable of producing transcripts that provide a desirable biological activ- 
ity. 

5 

Example 9 Construction of a One-Segmmt Single-Stranded CHENAC. 

A construct is made with the appropriate structure shown in Figure 1 1 . Transcriptbn is carried out in vitro by use of 
a T7 promoter directing the synthesis of the sequences of interest The transcript contains a) sequence J K. which rep- 

10 resents a sequence complementary to a lactyl lysyl lysine modified DNA primer (prepared as described previously) as 
weQ as sequences for biological function which include a CMV promoter for directing synthesis of a transcript a 
sequence for biological function which wiD be expressed after transaiption by the CMV promoter arid a sequence or 
sequences complimentary to tRNA binding sites. This example differs from the two prerious examples in that the com- 
plementary DNA is synthesized in vitro by using Reverse Transcriptase with the tri lactyl-LysylLysine mocfified DNA 

IS segment as a primer. The resulting RNA/DNA double stranded molecule is treated with Rrmse H to yield a single 
stranded DNA CHENAC. 

This complex could be used either in vivo, ex vivo or in vitro to bind the Df^ CHENAC to a target cell through a 
llgand/receptor Interaction. After endocytosis. some portion of the the DNA should be available In the cytoplasm fbr fur- 
ther processing and activity. Figure 12 shows two possible pathways that could occur after release of DNA into the cyto- 

20 plasm. Figure 12a shows a pathway similar to that seen in Figure 8 where the construct has been designed such that 
there is a single tRNA binding site at the 3* end of the DNA CNMAC. Priming and extension in vivo by cellular mecha- 
nisnrts result in a single double-stranded DNA molecule Figi^e 12b shows a pathway where the construct has been 
designed such that there are multiple tRNA binding sites at the 3* end of the CNMAC. These can either be kientical or 
different tRNA species can be used. Extension from a CNMAC with sequence for three tRNA primers (as shown in Fig- 

25 ure 1 2b) leads to the synthesis of a double-stranded DNA nfK)lecule and two single-stranded DNA nrK)lecule& These lat- 
ter two molecules can be converted into double-stranded molecules if the sequence chosen for the ligand modified 
primer is also similar to a tRNA primer sequence. When the construct is designed such that the pathway will be similar 
to that shown in Figure 12a, the construct provide a transcript in which a) sequenced K represents a sequence com- 
plementary to the ligand modified primer b) the sequence A B represents a sequence for a CMV promoter c) the 

30 sequence C D E F represents a sequence fbr biological function which will t^e expressed after transaiption by the CMV 
promoter and d) sequence G H which is designed such that its complementary sequence will be a primer Binding site 
similar to the one used by HIV to bind a cellular tRNA'y* as a primer fbr Reverse Transcriptase. When the construct is 
designed such that the pathway will be similar to that shown in Figure 12b, the construct provide a transcript in which 
a) sequence J K represents a sequence complementary to the ligand modified primer b) the sequence A represents a 

35 sequence for a CMV promoter c) the sequence B represents a sequence for biological function which will be expressed 
after transcription by the CMV promoter and d) and sequences C D, E F and Q H represent sequences that are com- 
plementary to sequence will be primer Binding sites fbr tRNA*s that can be used as primers. The maja difference 
between the net result of the pathways shown in this example and previously desalbed in Example 7 and Example 8 is 
that the two latter examples depended upon the in vivo presence of Reverse Transcriptase whereas the present exam- 

40 pie provides the Reverse Transcriptase activity in vitro prior to binding and uptake into target cells. 

Example 10 Preparation of a Double-Stranded CHENAC Containing Moieties on Each Strand 

A construct is made with the appropriate structure shown in Rgure 13. Transcription is canied out in vitro by use of 
45 a T7 promoter directing the synthesis of the sequences of interest. The transcript contains a) sequence A B. which rep- 
resents a sequence complementary to a lactyl-Lysyi Lysine modified DNA primer (prepared as described prevbusly). b) 
sequence C D which represents a CMV promoter for directing synthesis of a transcript in vivo, c) sequence E F which 
represents a sequence fbr biological function which will be expressed after transcription by the CMV promoter and d) 
sequence G H which is identical to the sequence of a second nxxlified primer that has fusogenic peptkles attached 
so (prepared as described previously). In Figure 10. the lactyl ligands are depicted by X X on the first primer and the 
fusogenic peptides are shown as Z Z in the second primer. DNA is synthesized in vitro by using the transcript as a tem- 
plate for Reverse Transcriptase with the tri lactyl lysyl lysine modified DNA segment as a primer. The resulting 
RNA/DNA double stranded nwlecule is treated with Rnase H to yield single stranded DNA. The second primer contain- 
ing the fusogenic peptides is then used as a primer to prepare ttie complimentary second strand of DNA. 
ss This complex could be used either in vivo, ex vivo or in vitro to bind the DNA to a target cell through a ligand/lrecep- 
tor interaction. The ligand modified primer will promote uptake of the complex and after endocytosis the fusogenic pep- 
tide modified primer will promote the release of the DNA from the endosomes. 
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Example 11 . A Brhinctional Binder Composed of a Bisoecific Anfibodv 

The methods of recombinant DMA are used to prepare a bispedfic antibody with specificities for the CD4 protein 
of lymphocytes and for murine leukemia virus (Figure 14). The antibody is prepared from murine monodona) antibodies 

5 according to the procedure of Staerz and Bevan (1985 Proc Nat) Acad Sci USA 83; 1453] for the production of hybrid 
hybridoma& 

Antitxxjv modif ications. Hydrazine groups are introduced to anybodies in the carbohydrate moieties after oxidation 
with periodate or galactose oxidase and subsequent reaction with hydrazine. When galactose ooddase is used tor anti- 
body oxidation, K is necessary to analyze for free galactose groups as follows. The anblxxly is oxidized with galactose 

10 oxidase in the presence of a peroxidase. At the end of the reaction the mixture is reacted with l-udfer Yellow CH 
(Aldrich) and passed through a G50 colurna If the f lowthrough from the column fluoresces, this is an indication that the 
antibody contains free galactose residue and that the galactose oxidase can be used for antftxxty activation. 

Ten mg antibody are dissolved in 1 ml of 0.1 M acetate buffer. pH 5.0. and oxidized with 1 .0 umole Nal04 at 4^C for 
30 minutes. Exc^s periodate is removed by Sephadex G50 (Pharn^cia) chromatography in 0.05M acetate t>uffer, pH 

15 5.0. The protein fractions are combined and reacted with 1.0 umole hydrazine acetate, pH 5.0, for 30 minutes at room 
temperature. The pH is raised to 9.0 with sodium carbonate and the contents are cooled to 0° and 10 umoles sodium 
borohydrate are added in three portions at ten minute intervals. The reduction is continued for an ad(£tional 60 minutes 
and the antibody is predpitated with 55% ammonium sulfate. After 2 hr at 0"" C the reaction mixture Is centrifuged for 
30 minutes at 10.000 x g. The pellet is dissolved in 1 ml acetate buffer, pH 5.5. and dialyzed in the cold against 0.1M 

20 acetate buffer, pH 5.5. 

One umole of 3-maleimidipropionic acid N-hydroxy*suodnimide ester is dissolved In 0.5 ml dimethytsulfoxide and 
added slowly to the dialysate and incubated for 30 minutes at room temperature. Excess maleimide is removed by Q50 
chromatography and the combined antibody fractions are reacted with the thiol containing ligand for 1 hr at room tenv 
perature at pH 8.5. Sut>sequent!y the conjugated antitxxiy is separated form the unreacted ligand by nx)lecular sieving 
25 Chromatography of the appropriate pore size. 

Oligonudeotldes synthesized with a thiol group at the 5' end or the thiol groups were added by reaction with an 
allylamine residue at the 5' or 3* end of the nudeic add with honrxxrysteine thblactone at pH 9.0. 

Example 12 . A Brfunctional Binder Composed of an Antibody to the CD4 cell Surface Protein as the Domain for the CeU 
30 and a Single Stranded DNA Molecule as the Domain for the Nudeic Add Component (Figure 15) 

A single stranded DNA molecule 120 bases in length and containing a 5' terminal nucleotide modified by the addi- 
tion of an allylamine group is prepared chemically by the method of Cook et al. (1988 fstudeic Acids Res 16;4077). and 
the allylamine residue is thioiated as in Example 1 1 . The 70 bases at the 3' end are complementary to the single 
'35 stranded region of Adeno Assodate Virus DNA. The single stranded DNA is attached to the F(ab')2 fragment as in 
Example 1 1 and they anneal to Adeno Assodated Virus as indicated in Figure 15. 

Example 13 . A Binder Composed of a Bispecif ic Antibody (or of the F(ab')2 Fragment of a Bispedf ic Antibody) Attached 
to a Single Stranded DNA Domain for the Nudeic Add Component (Figure 16). 

40 

A bispecific anblxxly is pr^red as described In Example 1 1 from a murine nwnodonal antibody to CD34 cell sur- 
face protein and and a murine monoclonal antibody to adenovirus. The single stranded DNA molecule described in 
Example 12 is attached to the bispecific antibody (or to the F(ab')2 fragment of the bispedfic antibody) and annealed to 
the adeno assodated virus. An inactivated adenovirus is bound to the antibody (Crist'ano et al. 1993 Proc Natf Acad 
45 Sci USA 9D;2122: Curiel et al. 1991 Proc Natl Acad Sci USA 88;8850) in order to fadlitate cellular uptake of the com- 
plex. 

Example 14 . A Binder composed of a Domain for Adeno Assodated Virus DNA, a Domain for Binding to Liver Cells and 
an Inactivated Adenovirus (Figure 17). 

so 

Preparation of lactyl oliaolysine lOmer. Oligolysine is synthesized containing a cysteine residue at the cartxixy ter- 
minus The thiol group is blocked with Ellman's reagent and the amino groups are reacted with a threefoM excess of 
lactylisothiocyanate in 0.1 M bicart)onate buffer, pH 9.0, and 20% dimethylformamide for 2 hr at room temperature. The 
reaction mixture is chromatographed on a G50 column and the lactyl-oligolystne fractions are combined and freeze 
65 dried. The solid is dissolved in 2 ml 1 mM drthiothreitol to unblock the protected thiol group and chromatographed again 
on a G50 column to remove the excess dithiothreitol and the liberated Ellman's reagent All operations are perfornrad 
with argon saturated buffer to prevent thiol oxidation by air. The combined lactyl oligolysine fractions are combined and 
reacted immediately with the maleimide derivatized antibody (see beloMO or proteins in a mixture with thiol containing 
nudeic acid as in Example 12. 
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Example 15 . An Antibody Binder with an Attached DMA with Domains for Adeno Associated Virus DNA and tor Binding 
to Liver Cells (Figure 18). 

* 

A single stranded DNA nralecule 100 bases in length and with a 5' terminal nucleotide contairting a thiol group is 
5 synthesized chemicaily Aflylamine groups are interspersed at 10 base intervals along the 50 bases at the 5' end of the 
mdecule Cook et al.) and the 50 bases at the 3* end of the molecule are homologous to ad^ovirus associated virus 
DNA. After blocking the thiol groups, the lactyl groups are added as described in Example 1 1 . The thiol groups are then 
unmasked and the lactyl modified single stranded DNA is added to to a murine monoclonal ant9)ody to adenovirus and 
it Is annealed to adenovirus associated virus DNA as described In Example 12. 

w 

Example 16 Preparation of a multimeric Antibody by means of Nucleic Add Hybridization 

(i) Preparation of homopolymer 

15 01igo(dA) and oligo(dT) with an amine group at the 5' end were synthesized chemically. Longer molecules were 
prepared by using the amine-containing oligos as primers in a reaction with with Terminal transferase and the appropri- 
ate dNTP precursors depicted as NA in Figure 19 and 20.. 

(ii) Preparation of homopolymer linker 

20 

1 .2 Diamino-4-Bromo-5-Hydroxycyclohexane was prepared according to U.S. Patent Na 4.707.440 where the 
product of the (1 1 -5) reaction was reacted with N-Brbmosuccinimide as in step (4-7) to yield compound I. (The various 
steps in this synthesis are shown in Figures 19 and 20). Compound 1 was reacted with a 5-fokj excess of ditNothrertol 
at 90^C. pH 8.0 in argon atmosphere for 2 hours. The reaction mixture was acidified to pH 1.0 and the excess of dithi- 
25 othreitol was removed by peroxk^e-free ether until no thiol was detected in the ether phase. The aqueous phase which 
contains Compound II was used for the next st^ 

(iii) Attachment of linker to homopolymer 

30 The 5' amino group of the nucleic add was reacted with 3-maleimidopropionic add N-hydroxy succinimide ester in 
0.2 M sodium bicarbonate buffer pH 7.8 and 0.7 M lithium chloride 30% dimethyl tormamlde for 40 minutes at 25'*C. The 
pH of the mixture was brought to 5.5 with 2.0 M acetic add and the excess active ester was removed by extractk)n with 
n-butanol. The product Compound III was precipitated with 4 volumes ethanol for 2 hours at •70^C. it was centrifuged 
and the pellet was dissolved in 0.7 M lithium chloride and reacted immediately with excess Conpound II at pH 6.0 for 

35 30 minutes at room temperature to yieM Compound IV; It was separated from excess of Compound II by ethanol pre- 
cipitation as in the previous step. Compound IV was reacted with excess 3-maleimkiopropiontc add N-hydroxy sucdn- 
imide ester (as described in the preparation of Compound III) to yield Compound V. The product was precipitated twice 
with 4 volumes ethanol and stored as a pellet at -70''C until used. 

40 (iv) Preparation of Antibody 

Fab*-SH fragments were prepared by reduction of F(ab')2 antibody with 0.5 M dithbthreitol at pH 7.5 (Taizo Nitta, 
Hideo Yagita, Takachika Azuma, Kiyoshi Sato and Kb Okumura Eur J. Immunol 1989 19: 1437-1441) under argon 
atmosphere. The pH was lowered to 6.0 and the antibody was separated from dithiothreitol by O50 chromatography 
45 using fully deaerated buffer under argon atmosphere to prevent oxidation to F(ab02 

(v) Attachment of homopolymer to Antibody fragments 

The protein fractions from step (Iv) were combined and reacted with Conpound V (Figure 20) from step (lit) In a 2:1 
so ratio to form Compound VI. always under argon atmosphere and In the presence of 2mM EDTA to prevent nudease 
action. After overnight Incubation at 4'*C, Ethylmaleimide was added to the reaction mixture to block any free thiol resi- 
dues and the protein was predpitated with ammonium sulfate (60% of saturation). The pellet was dissolved In minimum 
amount tris-HCI buffer. pH 7.8 and chromatographed in a G100 column to separate the conjugate from the reactton 
products. 

55 

(vi) Annealing of homopolymers to obtain Antibody multimers 

Annealing is done 0.2M NaO, .05M Tris HCI (pH 7.8). 1 mM EDTA. Figure 21 shows the overall outline of the proc- 
ess. In the last step shown in figure 21 . (a) shows an example where both the A honK)polymer and the T homopolymer 
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are short enough that there is essentially only one of each type of molecule binding together in a 1 :1 ratia The (b) dia- 
gram shows the situation where the A homopdymer was synthesized such that Hs much longer than the T homopdy- 
mer; in this situation, larger numbers of antibodies can be Gnked together into a>mplexes. 

5' Example 17 PreparaticMi of a muttimerlc insulin kyy means of Nucleic Add Hybridization 

Oligo T with a primary amino group (prepared as described earlier) is reacted in 0.7M LiCI , 0.1 M sodium bicarix>- 
nate buffer. pH 7.8 and 30% dimethyl formamide wrth a 3-fold excess of suberic add bis (N*hydraxysucdnimide) ester 
16r 15 minutes at room temperatura The pH was then lowered to 5.0 by the addition of 2M acetic add and the excess 

TO of active ester was extracted twice with n-butanol. The nudeic add was predpitated with 4 volumes ethanol at -70**C 
and the pellet after centrifugation was dissolved in cold 0.7 M UCI in 0.1 M sodium bicarbonate solution (pH 7.8). solkj 
insulin was added in 1 :1 .2 ratio and the conjugation was allowed to take place at 4^C overnight The product is sepa- 
rated from the reactants by molecular sieving chromatography on G75 columns. A multimeric complex is formed by the 
hybridization of the T-tailed insulin molecules with a Pdy A binder as descrS)ed earlier. The steps in this Example are 

IS shown in Rgure 22. 

Exanfiple 18 Preparation of a multimeric insulin t)y means of Nudeic Add Hybridization through specific (£scr^e 
sequences. 

20 A group of nucleic acid sequences are selected from the known sequence of the single-stranded form of t>acteri- 
ophage M13. These are then artif Idally synthesized such that they have a primary amino group on the nudeottde at the 
5* end. the oligomers are individually activated and attached to insuQn molecules as described in Example 1 7. A mixture 
is made of each of the ollgomer/insufin complexes and mixed with Ml 3 DNA derived from phage particles (the 4* 
strand). The product was separated from the reactants by molecule sievirtg chromatography. The steps in this Example 

25 are shown In Figure 23. 

Example 19 Synthesis of a Eukaryotic Vector that Expresses T7 RNA Polymerase as well as Antisense Sequences 
Directed by a T7 Promoter. 

50 (A) -Intron and Intron insertion Site 

The SV40 small T intron has been utilised in a number of DNA vectors and it has been chosen for this particular 
exanrple due to its small size and the presence of stop oodons in all three reading frames. The consensus sequences ' 
for splice donors and acceptors are partially made up by exon sequences as well as intron sequences. A computer 

3$ search using the MacDNASIS program ( Hitachi. Inc.) allowed the identification of 19 different sites within the T7 RNA 
polymerase coding sequence (Mount. 1982 Nudeic Adds Research 10,459) that contain the sequence (C/A)AGG, 
which as desaibed earlier is a consensus sequence for a post-splice junction. Any of these sites should be suitai)le for 
the intron insertion site, but for this exanrple. a T7 site was chosen that dosely resembled some of the flanking exon 
sequences of the SV40 intron. Figure 24 shows the sequences surrounding this site in the T7 RNA polymerase gene 

40 sequence and the subsequent insertion of the SV40 virus intron into this site. Figure 24 also shows the mRNA made 
from this fusion and the suk>sequent splicing out of the Intron sequence to reconstitute the normal T7 coding sequence. 

(B) Fusion of intron sequerKies into the T7 coding sequences 

45 A method for introduction of the intron and production of a vector that contains tiie interrupted T7 RNA Polymerase 
as well as sequences directed from a T7 promoter is given in Rgure 25. As shown in Figure 25. the aeation of this con- 
struct can be accomplished by PGR amplifications of each segment of the T7 RNA polymerase gene (left and right of 
the intended intron insertion site) and PGR amplification of a eucaryotic intron. These pieces are jdned together using 
cloning steps described below. It has previously been shewn that PGR products can t>e fused together a technique 

50 refened to as "Splicing by Overiap Extenskm * (SOE) to generate precisely joined fragmertts without extra sequences 
being added (Horton e/ a/ 1990 BioTechniques 528; Horton et al., 1989 Gene ZZ: 61). However, in adcfition to the 
PGR reactions needed to aeate the different segments, the SOE method Involves the use of these PGR products as 
primers in a secondary PGR reaction to fuse the segments. For fusions of multiple segments there would be a series 
of sequential PGR reactions to be cairied out Even with thermostable DNA polymerases chosen for a lower error fre* 

55 quency, the synthesis of the final product will require that some sequences be subject to several multicycle amplification 
steps thereby leading to an increased chance of undesiratile nmtations in the final product For this reason, tiie inven- 
tors of the technique advised sequencing the final product to insure that the desired product was obtained (Horton et 
al., 1990). In tiie present example, a method was used that requires only an initial round of PGR amplification to aeate 
each segment followed by ligation of the segments together to form the final fused product Fusions of the gene seg- 
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ments and intron to form the appropriate product were carried out by addition of restriction enzyme sequences onto the 
5* end of the PGR primers to allow the production of 'sticky ends" (Scharf et a!., 1986 Science 232: 1076). To give tfie 
precisely ddined end points for this fusion, restriction enzymes (Bsa I and Bsm 61} that recognize non-patindromic 
sequences and cut outside of their recognition sequence to leave a single stranded tail with arbitrary defnfiition were 
5 used. This method allows joining of sequences at any point chosen by the user by the appropriate design of the PGR 
primers. 

(C) Synthesis of the individual segments used for the fusion. 

10 The T7 RNA polymerase is encoded by bases 3171*5822 in the T7 genome (Dunn and StiKJier, 1983 J. Mol. Bid. 
166 : 477) and ^s sequence is available in Genbank as Accession #*s V01 146, J02518 or X0041 1. Based upon this 
information, six different oligos were synthesized. The use of these oligo*s and their sequences are given in Figure 26. 
TSP 1 and TSP 2 were annealed together by a 12 bp complimentary sequence and extended to form a completely dou- 
bie*stranded DNA molecule (Rgure 27). Conditions were as follows: 150 pM of TSP 1,150 pM of TSP2. IX NEB Buffer 

15 #2 (New England Biolabs, Inc.). 200 uM dNTP and 13 units of Sequenase v2.0 (U.S. Biochemicats. Inc) for 75 nrtinutes 
at 37** C. TSP 3 and 4 were used in a PGR reaction (Saiki et al. 1985 Science 230. 1350)) with T7 genomic Dl^ as a 
template to synthesize the "Left" fragment. Reagent conditions were as fbltows: 100 ul volume containing 100 ng T7 
template (Sigma Ghemical Go.). 1 uM TSP 3. 1 uM TSP 4. 1 mM MgCl2. 1x PGR buffer. 250uM dNTP. 2.5 units of Taq 
DNA Polymerase. Temperature cycling conditions were: 16 cycles of (1) 50 seconds at 94'' C (2) 25 seconds at 50*" G 

20 and (3) 3 minutes at 72'' G. The same conditions were used to form the "Right" end fragment with Oligomers TSP^ 
and TSP-6 except that due to the length (over 2 M>) of the expected prodi^. 2.5 units of Taq Extender (Stratagene. Inc) 
was added and the Taq Extender buffer substituted for the nomnal PGR buffer. INT-1 and INT-2 were used together in a 
PGR reaction to form the Intron piece. Conditions were the same as those used for synthesizing the "Left" fragment of 
T7. except that a done of SV40 was used as the template and due to the smaller size of the amplioon, the cyde condi* 

2S tions were only V at 72" G for the extension time. Rgure 27 shows the synthesis of the short double stranded ^ece of 
DNA made by extension of oligo*s TSP 1 and TSP 2 and its combination with the left end of the TSP SATSP 4 PGR prod- 
uct to generate the complete (NLS ^) 17 RNA polymerase. The resultant nudeic and amino add sec^ertces are given 
in Figure 28 for the construct given in this example as well as the normal wild type T7 RNA polymerase sequences. 
Thus, the modifications carried out at the 5* end during this constmction process were: 

30 

a) The sequence around the ATQ start codon was changed to give a Kozak consensus sequence (Kozak 1 984 Ceil 
M: 283) to Increase efficiency of translation of the gene producL This change had previously been Introduced Into 
the T7 RNA polymerase coding sequence. 

35 b) The fusk>n of the TSP1/TSP2 extension product to the TSP3/rSP4 PGR introduces a 9 amino add insertion 
between bases 10 and 1 1 in the normal T7 RNA pdymerase protein sequence. This sequence has previously been 
shown to be a signal for transportation to the nudease by Kalderone et al. (1984 Cell 29: 499) and had been intro- 
duced into T7 RNA polymerase by Lieber et al.. (1989) as a substitute for the first 10 amino adds and inserted into 
an artificially created EcoR1 site by Dunn et al.. (1 988). The method used in this Example to introduce the Nudear 

40 Localisation Signal (NLS) was designed to minimize perturbations to the nomial structure of the protein. The 
codons for the amino ircids coding for the NLS are indicated as larger type size in Rgure 28 

(D) Combination of pieces to form the final construct of the T7 RNA polynierase gene in a eucaryotic expression vector 

45 Rgure 29 shows the various steps used for this process. For ease of use, each of the three pieces (PGR #1 , PGR 
#2 and PGR #3) was doned into a plasmid vector (PGR II) using the TA doning kit and fdkiwing the manufticturei^ 
instructions (Invitrogen. Inc.). 

PGR #1 (the left end of the T7 RNA polymerase) was doned into PGR II to create pL-1 . This construct was then 
digested with BsmBI and 8pe I to excise out the PGR product and the TSP1/TSP2 Extension product (shown in detail 
so in Rgure 27) was digested with Eco R1 and Bsa I. Due to the design of the primers, the single-stranded tails created 
by BsmBI and Bsa I are complimentary to each other and ligation of these pieces forms a single piece with an EcoRI 
tail at one end and a Spe I tail at the other end. Digestion of the M13 vector, mp18. with EcoRI and Xba I allows inser- 
tion of the EooRI/Spe I piece to torn pL-2. 

PGR #2 (the 8V40 Intron) was doned into PGR II to form plNT-1 . This construct was digested with EcoRI and Spe 
55 I and transferred into the Ml 3 vector (mp18 digested with EcoRI and Xba I) to form plNT-2. 

PGR #3 (the right end of the T7 RNA polymerase) was doned into PGR II to create pR-1. This construct was 
digested with Eco R1 and Spe I and then seNigated to form pR-2. This step was added to eliminate extra EcoRI and 
Spe I sites present in pR-l . 

As described In Rgure 25. the elements In pL-2, plNT-2 and pR-2 are fused together to fbrm the ooriiptete Intron- 
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containing T7 RNA polymerase. TNs was accomplished by digestion of pL-2 with BemBI and Bsa I; plNT-2 with 
BsmB1 ; and pR-2 with Bsal and Spe I. Ligation of these three inserts together forms a single fragment ^t has one erd 
compat'ble with a HirxJ 111 end and the other end compatible with Spe I. This fragment was cloned in the same step into 
pRc/RSV (from tnvitrogen, Inc.) that had been previously digested with Hind III and Spe I. As shown in Figure 29, this 
5 final product is pilsrr-3. This particular eucaryotic vector was chosen since it had beeen shown previously that the RSV 
pron^er is especially active in hematopoietic cell lines. Also* the ligation of the Hind 111 end from pRcRSV to the end 
created from the BsmBI digestion of pL-2. does not reconstitute the Hind 111 site in pINT-3. the final product. 

E) Antisense sequences 

10 

Three different targets in the HIV geriome were chosen as test targets for Antisense: (A) the 5* comnfX)n leader, (B) 
the coding sequence for Tat/Rev and (C) the splice acceptor site for Tat/Rev. Antisense to (A) was derived from a paper 
by Joshi et al. (1991 J. Virol. 65.5534): Antisense to (B) was taken from Szakiel et al. (1990 Biochem Biophys Res 
Ck)mm 169. 213] and the Antisense to (C) was designed by us. The sequences of the oligo's and their locations in the 
75 HIV genome are given in Figure 30. Each digo was designed such that annealing of a pair of oligo*8 gives a double- 
stranded molecule with "sticky ends * that are compatible with a Bam HI site. The oligo's were also designed such that 
after insertion into a Bam HI site, only one end of the nx)lecule would regenerate the Bam H1 site, thus orientation of 
the molecule could easily be ascertained. The resultant clones were termed pTS*A. pTS-B and pTS-C for the anti-HIV 
sequences A. B and C respectively. 

20 

F) Cloning of T7 terminalor 

The sequence for termination of trar\scription by the T7 RNA polymerase is encoded by a sequence between the 
end of the gene 10b protein at base number 24, 1 59 and the start codon of the gene 1 1 product at base number 24.227 

25 in the T7 genome (Dunn and Studier 1983 J. Mol. Biol. 166. 477) Genbank Accession #'s V01 146. J02518 or X0041 1. 
Based upon this information. TER-1 and TER-2 were synthesized (Sequences given in Figure 30) and used in a PGR 
amplif kation reaction to obtain a double-stranded 1 38 bp piece that contained the T7 sequences from 24. 1 08 to 24.228 
with an Xt^a I site added at one end and a Pst 1 site added to the other. The reagent conditions for amplification were 
as described for the TSP3/TSP4 reaction tHJt the tenperature cycling conditions were: 16 cycles of (1) 50 seconds at 

30 94'* C (2) 25 seconds at 50** C and (3) 1 minute at 72'' C. As shown in Figure 30. the terminator piece was doned into 
the PGR II vector and then after Xbal/Pst I digestion it was transfen^ed into an M13 vector. 

G) Creation of T7 driven antisense transcription units. 

35 The clones containing Antisense sequences (pTS-A, pTS-B and pTS-G) were digested vvith Eco R1 and Pst I while 
the done containing the T7 terminator (pTER-2) was digested wHh Xba and Pst I. These were ligated together with pIBl 
30 (IBI. Inc.) that had been digested with Eco R1 and Pst I to form the AntiSense transcription units shown in Figure 30 
which have Antisense sequences transcribed from a T7 promoter and then terminated by a T7 terminator. The resultant 
ctones were termed pTS-AI , pTS-BI and pTS-Cl for the anti-HIV sequences A, B and C respectively. 

40 

H) Transfer of Antisense Transcription Units into p\HT-3 

By the nature of the present invention, the T7 driven Antisense Transcriptions units can be transferred into plNT-3 
to make a single construct T7 polymerase^ronrioter construct. This was aoconplished by creating an M 1 3 phage vector 

45 LIT 0-2 by transferring the polylinker from the plasmkJ vector LIT-38 (New England Biolabs, Inc.) by digestion with Spe 
I and SphI and ligating the polylinker insert into mp18 that had been digested with Xba I and Sph I. This and sut>sequent 
steps are shown in Figure 31. Clones pTS-AI. pTS*B1 and pTS-CI which contain T7 directed Antisense sequences 
were digested with EcoRV and Pst I. They were then ligated to the LIT 0-2 vector which had also been digested with 
Eco RV and Pstl. The resultant dones are phage vectors that contain T7 directed Antisense sequences and were 

50 termed pTS-A2, pTS-B2 and pTS'C2 respectfully. These clones were digested with Nhe I and Bsp 120 I and ligated to 
the plNT-3 vector (from Figure 29) that had previously been digested with Spe 1 and Not I. the resultant dones pRT-A, 
pRT-6 and pRT-C contain the coding sequence for the T7 RNA polymerase driven by the RSV promoter and with an 
SV40 intron sequence that will be spliced out to form a fundional polymerase enzyme and in addition each oonstruct 
contains an HIV Antisense sequence driven by a T7 pronfioter and terminated by a T7 terminator. 

56 

Example 20 Expression of a protein made from T7 directed transcripts derived from a single construct that also 
expresses the T7 RNA polymerase 

The plNT-3 vector used In the previous example can be modified for use as an expression vector for T7 directed 
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protein synthesis. For this purpose, the piNT-3 vector needs has a T7 promoter, a T7 terminator and a pofylinker in 
between. The optimal site for the placement of these molties is after the poly A signal for the T7 RNA polymerase in 
plNT3 where there is an Xho I and a Bam IH1 site. Since there are also other Xho I arxl Bam HI sites within the vector, 
manipulations of this particular segment can only be done if the small segment containing this area is separated out, 
5 the appropriate nucleic adds introduced in between the Xho I and Bam H 1 sites and then the segment r^aced back 
in. The steps used for the aeation of this construct are shown in Figures 32 and 33. 

a) Introduction of polylinker 

10 The segment containing tiie Xho/Bam H1 insertion site was derived from the plasmtd pRC/RSV. which was the par- 
ent of plNT-3. This was done by digesting pRC/RSV with Xbal and Xma I and transfemng the appropriate fragment into 
the plasmid pUCl8 (NewEngland Biolabs, Inc.) previously digested with Xba I and Xma I to obtain the vector pEXP-1. 
This in turn was digested with Xho I and Bam HI and then a polylinker was inserted by ligation with digomers PL-1 and 
PL-2 (Sequences are shown in Figure 32). The resultant plasmid was named pEXP-2 and the restrictton sites contained 

IS with the new polyGnker are shown in Figure 32. 

b) Introductkm of T7 promoter and T7 terminator 

A promoter was inserted into pEXP-2 by digestion with Nco I and Bam HI followed by ligation with oligomers TPR- 
20 1 and TPR-2 (Sequences are shown in Figure B-10) to aeate pEXP-3. The normal T7 promoter consensus sequence 
(Dunn and Studier. 1983) was not used since it has been shown that it can function as a eucaryotic promoter in some 
cell lines (Sandig et al.. 1993 Gene 131 .255) and a sequence derived from Ueber et al. (1993) was substituted since 
this equence still functions well in the presence of T7 RNA Polymerase but remains silent in its ak)sence. The vector 
pEXP-3 was digested with Spe I and Pst and ligated to the T7 terminator fragment derived from the pTER-1 construct 
25 described in the previous example in order to create the vector pEXP-4. The Xba/Xma segment has now been modified 
to contain the T7 terminator, a short polylinker and the T7 terminator. It was substituted for the unmodifed segment in 
plNT-3 by Xba 1/ Xma I digestion of pir^-3 and PEXP-4fblbwed by ligation as shovm in Figure 33 thus creating tiie vec- 
tor plNT-4. 

30 c) Introduction of a protein coding sequence into the new T7 Expression vector 

The gene coding for the complete lac Z sequence was obtained from pZeoSVLacZ (Invitrogen, Inc.) by digestion 
with Age I and Cla I. This was then ligated into plNT-4 that had been previously digested with Bsp E1 and Clal to create 
pINT-LacZ (not shown). After introduction into a eucaryotic cell, the RSV promoter directs the synthesis of the T7 RNA 
35 polymerase which in turn acts upon the T7 promoter to synthexize B-galactosidase. 

Example 21 . A Primary Nucleic Add Construct that Propagates Production Centers for the Production of Produces Sin- 
gle-Stranded Antisense 

40 A Primary Nucleic Add Construct is described as shown in Rgure 34 and 35 whereby, subsequent to introduction 
into a cell, a series of events, including self priming, multiple priming and Rnase H arxJ reverse trasncrfjiase activities, 
leads to the production of single stranded DNA antisense molecules. In this case a Nudeic Acid Construct creates nnul* 
tiple copies of a Production Center, an RNA transcript with hairpin structure with a discrete 3* end (structure 34a Figure 
34). In the presence of reverse transcriptase self priming occurs by tiie 3' end of the hairpin acting as primer to extend 

45 to the 5' end of the molecule resulting in a hairpin structure comp(^ed of both DNA and RNA (structure 34b). By a mul- 
tiple priming process, Rnase H, either as pari of the viral reverse transcriptase or from the Inherent Cellular Systems, 
starts degradation of the RNA bound to the DNA. Degradation can be complete if there is enough Rnase H activity, or 
if the reverse transaiptase activity is high enough, the initiation of RNA degradation provides RNA fragments tiiat serve 
as primers for extension using the DNA portion as a template. In the former case tiie net result of tiie degradation by 

50 RNase H is a single-stranded DNA molecule with a double stranded 5' RNA terminus (structure 34c); In the latter case 
(structure 34d). tiie priming event results in a) the Production of a series of molecules sudi as 34f and 34g. ^e length 
of the singie-stranded DNA portion depending upon the site of the priming initiation event and b) the propagation of Pro- 
duction Centers such as structure 34e. Structure 34g could act as a biological modifier if. for example, the sequences 
represented as the Z single stranded DNA regton were antisense sequencea Through the activity of RNase H and 

55 reverse transcriptase, structure 34e would be processed further to produce single stranded DNA molecules (structures 
351 h, 35i and 35j, Rgure 35). which couU act as antisense DNA if tiie sequences X\ Y*. Z were designed with that pur- 
pose. The Production of antisense DNA molecules according to this invention represents the first demonstration of the 
method fbr tiie intracellular synthesis of antisense DNA. 
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Example 22 A Primary Nucleic Acid Construct that Propagates an RNA Production Center that is Reversie Transcribed - 
to Create DMA Production C^ers Capable of DirectingTranscriptian. 

In thb example, the same processes of self prinfvng and multiple priming deserved in the Example 21 occur with 
5 the propagation of single stranded DNA hairpin structures (Figure 36). As in Example 21 . structures structures 36hi 36c 
and 36d (Figure 36) act as Producton Carters for the Production of single stranded RNA. In this case this represents 
an ampltf tcation event sirK^e reverse transcriptase and RnaseH convert a single Production Center (36a}, into a double 
stranded DNA Production Centers (36bb 36c and 36d) which can direct the Production of multiple single stranded RfOA 
molecules. 

10 

Example 23 A Prirrmry Nucleic Add Construct which Propagates a Double Hairpin Production Center for the Production 
of Single Stranded RNA 

In this exarrple. a double stranded DNA Primary Nudeic Add Construct (structure 37a, Figure 37) has been 
15 designed such that a single stranded Production Center, propagated from it, forms hairpin structures at the 5* and 3* 
ends. Extension by self priming from the 3* end followed by further steps catalyzed by RnaseH and reverse trancriptase 
result in the propagation of a dout)l6^anded DNA molecule with single stranded hairpin ends (structure 38b, Figure 
38). This can be further procesesed, by the action of DNA ligase. to form a covalently dosed molecule (38c) or by the 
action of reverse transcriptase to form a larger linear molecule (38d). The presence of promoters and coding sequences 
20 in these Production Centers provides for Production of single stranded RNA. As seen above in Example 22, this Is an 
anplif ication event since each Production Center produdng RNA transcripts was itself derived from a single transcript 

Example 24 A Nudeic Acid Construct which Propagates a Production Center capabale of Inducible Cell Destruction. 

25 In ttiis example (Figure39) provides for the production a single stranded nudeic acid as a result of the introduction 
Into cell of an inherent cellular system. In this case, the events leading to the Propagation of a Production Center (struc- 
ture 39b) are brought about t)y the presence of Reverse Transcriptase. Here, the single stranded nudeic add product 
of a Production Center is mRNA which can be translated to produce a lethal product. cBphtheria toxin, resulting fn a 
reverse transcriptase dependent cytocidal event Elimination of low level synthesis of a toxic gene product such as diph- 

30 theria toxin in the ak)sense of viral infection TAT activation (as was ok>served by Harrison et al.) is accomplished by the 
use an intron artifidally inserted into the non-coding strand (39a) of the segment coding for the toxin. In this way. tran- 
scription of the toxin sequence will not produce an active product. Production of active tosdn only occurs when the anti- 
sense transcript is spliced and used as a template for Reverse Transcriptase. 

The result of Rnase H and reverse transcriptase mediated activities is a double stranded DNA Production Center, 

35 (39c) that has a template for the toxin and wttich has the intron sequences removed. As a furtiier refinement, the pro- 
moter sequence In the double-stranded DNA Production Center (region designated as ABC In structure 39b) can be an 
H IV LTR. In this case Production of the toxin would be dependent upon two events tiiat should be provided by viral infec- 
tion. 

40 Example 2S Use of tRNA Primers to Create a Double-Stranded DNA Production Center fbr Production of Single 
Stranded RNA. 

This example utilizes the presence of primer binding sites In a single stranded RNA Production Center fbr the Prop- 
agation of a double-stranded DNA Production Center. In this way, sequences derived from the Primer Binding Sites of 
45 retroviruses, such as the HIV primer binding site which utilizes lysyl tRNA as a primer, can be inserted near the termini 
(regions designated X and Y) in the RNA Production Center (Figure 40, structures 40b and 40c) for the priming of DNA 
synthesis to form double stranded DNA Production Centers. The resultant Production Centers, such as structure 40d. 
are double stranded DNA molecules but can function as described previously to produce single stranded Rf^ which 
either can be utilized as anti-sense nudeic add or which can be translated to produce a protein. 

Example 26 Construction of plasmids with Anti-^ense segments introduced into the transcript region of the U1 gene. 

• 

The overall process used in tNs example is depicted in Rgure 41 . The gene tor U1 is present in the plasmid pHSD- 
4 (Manser and Gesteland 1982 Cell 29;257). Three different pairs of deoxyoligonudeotides were synthesized and tfie 
55 sequences are given in Figure 42. The pairs were hybricfized to form double stranded molecules with single stranded 
overhangs to form sites compatible with the BclTBsp ends in the plasmid. The Bcl/Bsp ends in the plasmid remain after 
removal of tiie 49 base sequence from the U1 coding sequence. When each sequence is inserted into and expressed 
fromthe U1 coding region of pHSd-4 U1 it will appear as an antisense Rf4A sequence to a region of tiie HIV gemome. 

After digestion with Bd 1 and Bsp El, a 49 base pair segment is eliminated from the U1 transaipt portion of the 
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gene. The oligo pairs have been designed to form sticky ends conpatible with the Bd/Bsp ends in the plasnid. Ugatm 
of each d the pairs of Oligo's (HVA-1 ^ HVA-2, HVB-1 4 HVB-2 and HVC-1 + HVC-2) aeated pDUI-A with an insertion 
of 72 bp. pDU1 -B with an inserlon of 66 bp and pDUl -C with an insertion of 65 bp. As a control, two oligomers (HVD-1 
and HVO-2) with sequences unrelated to HIV were also inserted into the U1 operon to create pDUl which contains an 
5 insertion of 61 bp. 

To allow for selection of transformants after introduction of these chimeric U1 genes, the Neomycin resistance g&ie 
was introduced by digestion of pGK-neo (McBurney et ai. 1 991 Nucleic Adds Research 1 9;5755) with Htnd 111 and Sma 
I and ligation into the pDUl series of plasmids previously digested with Hind III and Htnc II to aeate the pNDUl series 
(pNDUI-A. pNDUVB, pNDU1-C and pNUI-D). 

w As described earlier, the design of the cloning method should allow the insertion of novel sequences that would still 
allow the utilisation of signals provided by the U1 transcript for nuclear localisation of Anti-sense sequences. To test 
whether the Insertion of tiie sequences desaibed above resulted in unintended changes in the U1 region responsible 
for reimportation of the U1 transcripts a computer analysis was done to compare the predicted structures tor the normal 
U1 and the chimeric novel molecules using the MacDNASIS program (HitacN. Inc.). In Figure 43 H can be seen that 

15 despite changes in the 5* end (where the new sequences have been introduced) loops 111 and IV as well as the Sm 
region remain undisturt>ed. 

Example 27 Construction of a Multi-Cassette Construct which Expresses Three Antisense Sequences as Part of U1 
snRNA 

20 

The various steps used in this example are depicted in Figure 44. The various constructs used in this exanple, 
pDU1 (A). pDU1(B), pDU1(C) and pGK-neo were descrbed In Example 26 of tiiis patent The plasmkj pDU1(B) with 
the "B" anti-sense embedded witiiin the U1 transcript was digested with Sma I and Hind III. The segment containing 
the U1 operon with the "A" anti-sense was released by digestiion of pDU1(A) with Hinc II and Hind III and ligated into 

2S the pDUl (B) plasmid to create pDUl(A.B) which contains two separate operons for the 'A' and "B" anti-sense 
sequences. This construct was then digested with Sma I and Hind III (to release tiie double operon) and iigated into 
. pDUI(C). containing the U1 operon with the anti-sense, that had previously been digested with Hinc II and Hind III. 
The resultant construct, pDUl{A.B.C) contains three separate operons containing the "A", 'B" and "C" anti-sense 
sequences. To allow selection for tiie presence of this construct after a transfection step, the segment containing Neo- 

30 mydn resistance was excised from the vector pGK-neo by digestion witii Hind III and Sma I arxl ligated into the 
pDU1(A.B,C) construct to create pNDU1(A,B,C). The ordering of the three operons in the pDU1(A,B,C) and 
pNDUl (A,B.C) constructs is given in Figure 46. 

Example 28 Construction of an Antisense Expressing ly/lutti-Cassette Construct Containing Three T7 Rf^ Promoters 

The various steps used In this example are depicted In Figure 45. The polylinker from plasmid LFT 28 (New England 
Bidabs. Inc.) was transferred into an M13 vector by digestion of the plasmid with Bgl II and Hind III and then ligating it 
witii mp1 8 (New England Biolabs. Inc.) previously digested witii Bam H1 and Hind III to create the phage vector LIT 01 . 
The plasmid pTS*B (described in Exanrple 19) containing a T7 promoter, the 'B' Anti-Sense sequence and the T7 ter- 

40 minator. was digested with EcoRV and Hind III and then ligated to LIT 01 previously digested witii EcoRV and Hind III 
to create TOP 302. a phage vector witii tiie /B" Anti-sense T7 operon. 

The polylinker from plasmid LIT 38 (New England Biolabs. Inc.) was transferred into an M13 vector by digestion of 
the plasmid with Spe I and Sph I and then ligating it with mp18 previously digested with Xba I and Sph I to aeate the 
phage vector LIT 02. The plasmid pTS-A (Example 1 9) containing a T7 promoter, tiie "A" anti-sense sequence and ttie 

45 T7 terminator, was digested witii EcoRV and Pst I and then ligated to LIT 02 previously digested witii EcoRV and Pst I 
to create TOP 414, a phage vector with the A Anti-sense T7 operon. The T7 operons In TOP 302 and TOP 414 were 
joined together by digestion of TOP 302 witii Mlu I and Bsi W1 and ligating it to TOP 414 previously digested witii Mlu 
I and Bsr 01 to form TOP 501. a phage vector which has botti tiie "A" Anti-Sense T7 operon and tiie "B" Anti-Sense 
T7 operon. 

50 The plasmid pTS-C (described in Example 19) containing a T7 promoter, the 'C" anti-sense sequence and the T7 
terminator, was digested witii Sph 1 and Hind III. TOP 501 was then digested with SphI and Hind III and ligated to pTS- 
C2 to aeate TR1 101 which has the "A" Anti-Sense T7 operon. the 'B* Anti-Sense T7 operon and tiie "C* Anti-Ser^ 
T7 operon in a single construct The ordering of the three operons in tiie TR1 101 construct is given in Figure 46. Co- 
transfection of this construct with a vector that expresses T7 RNA pdymerse (The Intron containing T7 RNA Pbtymer- 

55 ase desaibed in Example 1 9 could be used tor this purpose) allows the in vivo production of all three Anti-Sense tran- 
saipts. 
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Example 29 Construction of an Antisense Expressing Multi-Cassette Construct Containing Three T7 RNA Pronwters 
and an Intron-Containing T7 RNA Polymerase Gena 

Although the preceding example utilises the common method of expressing T7 directed transaipts l^y means of 
5 cotransfection with a construct with the RNA polymerase and a second construct with a T7 promoter, an appfication of 
the current invention describes a method of carrying both entities (polymerase and promoter) on the same constnxt. 
The present example is an illustration of a single construct that contains the T7 RNA pdymerase as well as multiple 
operons of T7 driven Anti-Sense transcripts. The various steps used in this example are deleted in Rgure 47. The 
plasmid pTS-C (described above) was digested with EcoRV and Pst i and ligated into the Ml 3 vector LIT 02 (described 
10 above) v^lch had previously been digested with EcoRV and Pst I to create the TOP 601 which is a phage vector with 
the "C" Anti-Sense T7 operon. As described eartier, the construct plNT-3 contains the T7 RNA Polymerase with an 
SV40 tntron inserted within the coding region; in eucaryotic cells there is expression by an RSV promoter followed by 
excision of the intron by means of the normal splicing machinery of the ceil. To insert the 17 Anti-sense operons, it was 
digested with Spe I and Not I. The 17 Anti-sense operons were Inserted as a triple insert by the simultaneous ligation 
15 of the Spe/Not plNT-3 DNA with TOP 601 previously digested with Pst I and Nhe I. TOP 302 previously digested with 
Mtu I and Nsi 1 and TOP 414 previously ligated with Bpu 120 1 and Mlu I. The resultant done as well as a diagram of 
the positions of the different Anti-sense operons is shown in Figure 47. 

Example 30 Testing the anti HIV U1 constructs in cells; Inhibition of virus growth: 

20 

a) Creation of stable transformed cell lines: 

U937 cells (Laurence, et al., 1991. J. ViroL S5: 214-219) were transformed wHh the various U1 constructs 
described akx>ve using Lipofectin (BRL Inc.) and following the nranufacturer's suggested protocol. After transformation, 

25 the cultured cells were divided into 2 portions. One portion was used to obtain individual clones while the other portion 
was used to obtain a population of pooled clones. To obtain the individual clones, aliquots of 1 x 10^ cells were seeded 
into separate chambers in 96 well tissue culture plates and stable transformants were selected by growth in DMEM 
(Gibco and BRL). medium supplemented with 10% fetal bovine serum (heat inactivated) (Qiboo and BRL) in the pres- 
ence of 600 microgramXml G41 8 (Gibco and BRL). The G418-containing medium was replaced every 3 to 4 days, and 

30 after 3 weeks of incubation, drug resistant cells were removed from individual wells by aspiration and expanded by 
growth in culture dishes. To obtain the population of pooled dones, 1x10^ cells were seeded into T-25 flasks (Corning) 
and grown in the presence of 0418. 

b) Characterization of cell lines 

35 

RNA was isolated from either resistant clones or resistant pooled clones using hot phenol extraction (Soeiro and 
Darnell, 1969, J. Mol Biol 44- 551-562). This RNA was used in a dot blot analysis using the protocol aocompanying the 
Genius System (Boehringer Mannheim). The probe used in this analysis was a riboprobe made from a done of the 
three Inserts (A, B, and C) in pBlueScript (Stratagene) cloned into the Xmal and BamHI site. This clone produced insert 

40 RNA of the sense orientation. The results of this analysis showed that all cell populations that had been transformed by 
the U1 clone and that had demonstrated resistance to G418 that were tested expressed the antisense insert RNA. 
Conparabie dot blot analyses were performed using RNA from the parental line U937 as well as yeast RNA (Boe- 
hringer Mannheim.) These dots showed no evidence of the antisense insert RNA. The antisense RNA syntheszed in 
vitro using the clones pBlueScript 12, pBlueScript 34, pBlueScript 56 and pBlueScript 78. described above, showed 

45 positive hybrk^ization using the sense probe described in this paragraph. From this we condude that those transformed 
cell populations that were tested were indeed expressing antisense RNA from the HIV virus sequence. 

c) HIV challenge experiment numt)er 1: 

50 0.5 x 10^ cells of the pooled dones transformed by the triple U1 construct were incubated with HIV virus at a mul- 
tiplicity of 0.15 pfu of the virus per cell in the presence of 2|ig/ml of polybrene for 2 hours at 37*" C using the procedure 
of Laurence et al. (1991 J. Virol. S&: 214-219). The cells were then washed, resuspended in 1 ml of culture medium 
(RPM1 1640 + 10% fetal bovine serum, Flow Labs) and plated in duplicate (0.5 ml per well.) One-haK of the culture 
medium was removed and replaced with fresh medium every 3-4 days. 6 days post infectbn, samples of these cells 

55 were tested for the extent of Infection by HIV virus using a p24 ELISA antigen capture fbltowing the protocol of the man- 
ufacturer (DuPont). The control cultures for this experiment were cells transformed by dones not containing antisense 
sequences to HIV (see above). The results of this experiment are shown in Table 1 . 



52 



EP0779 365A2 



TABL£i 



Sample 


IHIV-11. pgArt 


% Inhibition of HIV p24 




ExptA 


ExptB 


ExptA 


ExptB 


2.2.78 poo) control 


959 ±49 


• 




1.9.16 pool 


780 


error 


18.7 




2.10.16 pod 


514 


554 


46.4 


42.2 



Both of the pooled done samples showed Inhibition of produdion of p24 when compared to the contrd dones. In 
IS the instance of the pooled done 2.10.16. the degree of inhibition when conrpared to the control was dose to 50%. This 
pooled clone population of cells was examined further as described below. 

At 18 days after infection, the p24 concentration in the growth medium was determtined as desaS>ed abcva The 
r^lts of this detemtination are reported In Table 2. 

20 

TABLE 2 



San^e 


[HIV-I], pgMil 


% Inhbttion of HiV p24 


U937 control 
2.2.78 pool control 
2.10.16 pod 


200 
220 ±2 
1210.4 


0 
94.5 



I 

30 This table shows that there is approximately 95% inhibition of p24 antigen production in the pooled done population 
of cells when compared with either the control poded done population or the parent cdl line. 

On day 24 after viral inoculation, when the cells were assayed by trypan blue dye exclusion the contrd pooled done 
population were 17% viable, and contained numerous syncytia (multinucleated giant cells charaderistic of HIV infec- 
tion). The pooled clone population labeled as 2.10.16 were 40-60% viable and had no visible syncytia 
35 After day 24, the cells of ttie control poded done culture and the pooled clone culture were subjected to f icd gra- 
dient separation (Pharmacia). This procecbjre separates tiie live cells from the dead cells every 3-4 days as a routine 
maintenance procedure. At 35 days, there were no cells left in the control poded clone population of ceils, while the 
pooled clone population had viable cells. When these viable cells from the poded clone population were then assayed 
fa the presence of the p24 antigen, it was found that the culture line named 2.10.16 showed no evidence of the pres- 
to ence of p24 antigen in the culture medium above the background (0.032 4/- 0.08 OD compared with 0.039 OD). In this 
experiment the HI V infected cells had a measured amount of p24 antigen tiiat was greater than 2 OD. Thus by this time 
in the selection protocd. the degree of inhibition d the virus was greater than 99%. 

d) HIV challenge experiment number 2: 

45 

In this experiment, the pooled done population identified as 2.10.16 (from day 31 of the first challenge) as well as 
the control pooled done population and the parent cell line U937 were infeded again with the BAL strain of HIV at a 
multiplidty of 0. 1 0 pfu per cell as described atxive. After infection, tiie cells were maintained as descrilDed above. At day 
9 and day 12 after infection the p24 antigen was determined as described above. The results of this determination are 
so reported in Table 3. 



TABLE 3 



Cell Type 


HlV-1 (p24]. pg/ml 




day9 


day 12 


U937 

2.10.16,R1 


3 
<1 


5.1 ±0.4 

14,3 ±1.3 
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This table shows that at day 1 2 there Is approximately 66% inhibition of p24 antigen production in the pooled done 
population of cads when compared with tJhB parent ceD &na 

When these cells were maintained with separation of the live from the dead ceils using the f icol grac£ent every 3-4 
5 days as descrbed above H was found at day 21 that there was no evidence of p24 antigen in the 2.10.16 ceO lines when 
compared with the parental ceD line infected with HIV virus. (Here the comparison is of OD units of the 2.10.16 pooled 
done population of 0.009 the same nun^er as the control parental line without infection with > 2 OD units.) 

e) Further characterization of the 2.10.16 cell line after three cydes of challenge with HIV vinjs: 

10 

In this experiment* the pooled clone population identified as 2. 1 0.1 6R1 (from day 2 1 of the second challenge e)9er- 
tment) and the parent cell line U937 were infected again with the BAL strain of HIV as desaibed above. After infection, 
the cells were maintained as descrit>ed atx>va On days 14. 27, and 42 after infection, the p24 antigen was deterrrtined 
as described above fbr the pooled done population (now called 2.10.16R2) as well as for the parental cdl line U937. 
15 The results of this determination are reported in Table 4. 

TABLE4 



HIV-1 p24 


Sample 


Day 9 


Day 14 


Day 27 


Day 43 




OD 


pg/nn 


OD 


pg/hil 


OD 


pgAnl 


OD 


pg/ml 


U937 


0.527 


122 


0.165 


25 




dead 






2.10.16R2 


0.12 


0 


0.009 


0 


0.030 


0 


0.026 


0 


buffer 


0.013 

















30 This table shows that by day 27 the parental cells have disappeared from the culture medium. This is consistent 
with the conclusion that the virus Infection has led to the destruction of the cells. In the pooled done cell population 
2.10. 16R2. the amount of p24 antigen detected in these supematants is below the sensitivity of the assay procedure. 
Thus on the third challenge pf the original pooled done cell population there is no evidence of virus growth. 

The parental cell line U937 is known to contain the surface antigen CD4 •«•. This parent strain and the strain 

3S 2.10.16R2, pooled strain after 3 cydes of selection, were assayed in a fbw cytometer fbr the presence of the CD4 
antigol by measuring the binding of rtmse CD4 -i- antibody (Becton Dickenson) with fluoresdnated goat anti mouse 
(Tago). As can be seen in Figure 48. CD4 ^ antigen is present on the surface of the parental strain and the 2.10.16R2 
-HIV resistant cell strain. This is evidence that the cells have not been selected to be resistant to infedion by HIV virus 
through the loss of the adsorption protein, specifically the CD4 -i- antigen. 

40 While the evidence of virus growth based on the production of the gag antigen, p24. demonstrates that the pooled 
strain of cells containing the genetic antisense does not permit the growth of virus, further widence that the virus is not 
present in this cell population was obtained using the DNA PGR assay fbr the identifk»tion of the coding region of the 
gag gene (the region coding for the p24 arrtigen) using the standard Cetus primers which detect virtually all HIV-1.-2 
isolates (Applied BioSystems). As can be seen from tiie Figure 49 representing UV illumination of the EtBr stained 

45 DNA. the -f control (using DNA provided in the kit) gave a band of the expected size (lane 1). while several dilution of 
the amplification products of 2.10.16R2 DNA did not show such a band. 

These data demonstrate that cell lines can be developed using antisense constructs that maintain their CD4 -t- phe- 
notype. These cell lines do not support the growth of the HIV virus as measured both by the production of the p24 anti- 
gen and measured with tiie quick DNA PGR kit of Getus. In addition these cell strains have been shown to sunnve 

so multiple challenge from infectious HIV virus. 

Example 31 Testing the anti HIV U1 constructs in cells: 
Inhibition of synthesis of beta-galactosidase activity: 

55 

a) Eukaryotic vector carrying target sequence A upstream of tiie beta-galactosidase gene. 

The A segment (from the tar sequence of HIV) of target DNA was isolated as described above. This segment was 
cloned into the Kpnl BamHI site of the eukaryotic vector pSV Lac Z(lnvitrogen), that carries \ac Z coding sequences 
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and SV40 enhancer and promoter and poly A signal sequences. The cloning sites is between these sequences. The 
cloning sequence is diagrammed in the attached figure (f^ure SO). 

b) Expression of beta*galactosidase activity in stably transfected U937 cells: 

5 

U937 cells were transformed using the Lipofectin procedure described above. In this experiment positive dones 
were selected as zeocin resistant. 5 separate transfected cell populations were isolated: These cells were 1 . U937 cells 
untransfected; 2. U937 cells transfomned with the HIV A done alone; 3. U937 cells transfected with the HIV A clone and 
then a second time with the U1 antisense A done (see above for the desaiption of the done- ttie second transfection 

10 was selected as G418 resistant); 4. U937 cells cotransfected with the HIV A done and the U1 antisense ABC done 
(again see above for a desaiption of the done); and 5. U937 cells cotransfected with the HIV A done and the UlHfiull 
DNA done (again see above for a description of the clone). 

Log phase cells of U937 (both stably transfected and untransfeded) were washed free of medium with 1 x PBS 
containing 10 mM Mg**^* and 1 mM Ca^. The washed ceils were fixed lightly (5 ntinutes) at room temperature in PBS 

IS containing 2% fornialdehyde and 0.05% glutaraldehyde. The fixative was removed and the cells were washed free of 
fixative with two washes with PBS. The washed fixed cells were then suspended in staining solution (PBS containing 5 
mM potassium ferrocyanide and 2 noM MgCy containing 1 mg/ml X-gal (BRL) and incubated at 37^ C for 2 hours to 
overnight The cells were examined under a miaoscope at 40x. 

The results of this experiment are illustrated In Figure 51 (lower set of data). The positive production of the enzyme 

20 beta-galactosidase is assayed by the production of a blue precipitate in the cytoplasm of the transfected ceils. No blue 
is detected in cell lines 1. 3 and 4 while blue spots are detected in the cytoplasm of the ceU Hne 2 and 5. These data 
demonstrate that the produdion of the enzyme beta-galactdsidase that is shown as a blue stain in cell line 2 with the 
HIV A done alone or in cell line 5 where both the HIV A done and the null DNA control is not seen when either the anti- 
sense U1 A done is cotransfected with the HIV A clone (cell line 3) or the antisense U1 ABC done is cotransfected with 

2S the HIV A clone (cell line 4), Thus the presence of the antisense A sequence in the cell lines with tNs HIV A done 
expressing the enzyme t>eta-galactosidase blocks the production of this enzyme. 

■ 

c. Expression of beta-galactosidase activity in extracts: 

30 To measure enzyme activity by solut)le assay (Figure 51, upper set of data) extracts were prepared from loge* 
phase cultures either by sonication or repeated f reeze-thawing. The log-phase cells (5 x 10^ cells per ml) were washed 
. free of medium with PBS containing 10 mM Mg^ and 1 mM Ca'^'^. The washed cells were suspended In 250 mM Tris- 
CI. pH 7.5 and freeze-thawed 3 times or alternatively sonicated 5 minutes at maximum output. The crude iysate was 
centrifuged and enzyme activity was measured in dear supernatants by hydrolysis of the lactose analog ON PQ 

35 (Signr^a). When this substrate is deaved by the enzyme to make ONP a yellow colored compound produced. Thus the 
beta-galadosidase adivity can be monitored by observing the change in absorbance at 420nm. Extracts prepared from 
cells that are stably transfeded with the HIV A clone produce a yellow color in 30 minutes at 37^ C. whereas the extracts 
prepared from untransfected cells remain colorless even after incubatton over night 

The 5 transfected cell lines were assayed using this soluble assay fornr^at and the results are reported in table 5. 

40 From this table it can be seen that the U1 anti-A transfected cells do not have measurable amounts of beta-galactosi- 
dase activity. (Compare line 3 with lines 2 and 5.) Also it can be seen that the U1 anti-ABC dones do not show meas- 
urable amounts of beta-galactosidase activity. (Compare line 4 with lines 2 and 5.) These results confirm the results 
from the in situ assay of the affect of the U1 anti A and anti ABC clones on the produdion of beta*galactosidase activity 
of clones that have the A target doned into their sequences. 

4S 

Example 32 

Asymptomatic HIV positive patients are given pre-treatment evaluations including mecficat histories; physical exam- 
inations, blood chemistries including CBCs, differential counts, platelet counts; blood chemistries including glucose, cal- 

50 cium. protein, attxjmln, uric acid, phosphate; Blood Urea Nitrogen and creatinine; Urinalysis; eledrocardiogrBm and 
chest X-ray; p24 antigen level; CD4 counts; PCR to determine viral load. The p24 antigen, CD4 counts and PCR are 
done at weekly intervals for 4 weeks prior to removal of cells in order to establish baseline data, and these assays are 
continued biweekly throughout the period of treatment. 

Blood is removed from patients and the peripheral blood mononudear cells are separated from erythrocytes and 

55 neutrophils by Fiooll-Hypaque centrifucation. After washing, the PBMCs are depleted of CD8 -i- cells by the use of 
murine anti-human CD8-coated flasks(CEULectorTM Flasks, Applied Immune Sciences). Cells which do not adhere to 
the surface of the flasks are cells assayed for cellular phenotype by flow cytometry and then activated with 0KT3 anti- 
body in semrn-free medium. 

The OKTB-activated cells are resuspended at a concentration of 1-2 x 10^ cells/ml in fresh medium containing 60 
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unte/inrtl of fL-2. The ceDs are expanded to about 2 x lO^Anl. 

A retrovirus vectcx* containing sequences for the expression of antisense RNA directed at Hrv grown in a pack* 
aging cell line. A DNA construct (desaibed in Example F1 is introduced into retrovirus vector LN1j6. which contains a 
neomycin resistance marker. The cells are transduced by resuspenston in culture medium to a concOTtration of approx* 
5 imate^ 10^ ceiisArd and mixing with culture supernatant from the retrovirus vector infected ceQs to provide an MOt of 
approximately 1 .0. Five mg/ml protamine suttate are added and the mixture is incubated at 37*C for 6 hours. The ceQs 
are washed three times and placed In G418 containing culture medium. 

This transduction procedure is repeated daily for three consecutive days. 

After 7 days In 0418 selection medium the G418 is removed and the cells are e)9>anded in the presence of growth 
10 factors (as described above). When sufficient cells are produced, they are hanrested. washed and resuspended In 
physiological saline for infusion into the patient Cellular phenotype is measured by ftow cytometry measuronents. 

This antisense treatment is supplemented by treatment with soluble CD4 protein. Administration commences 
inunediately after the administration of HIV therapy according to the method of (Husson et ai., 1992). 
This supplemented gene therapy is further si^aplemented by concurrent ad mini sti alto n of AZT. 
IS Many obvioi^ variations might be suggested to those of ordinary skm in the art in 11^ of tfie above detaded 
desaiption of the invention. All such variations are fully embraced by the scope and spirit of the present invention as 
set fbrlh in the daims which now follow. 

Claims 

20 

1 • A non-naturally occurring construct which when present in a cell produces a product said constnict comprising at 
least one modified nucleotide, a nucleotide analog or a non-nucleic ackJ entity, or a oombinatton of the foregoing. 

2. A construct which when present in a cell produces a product said construct being bound non-ionically to an entfty 
2S comprising a chemical modification or a ligand. , 

3. A composition comprising: 

(a) a non-natural entity wftich comprises: 

30 

at least one domain to a nude'tc ackl component; and 
at least one domain to a cell of interest; and 

(b) sacl.nudelc add component; 

55 

Wherein the domain or domains to said nucleic add component are different from the domain or domains to said 
ceQ. 

4. A kit for introdudng a nudeic add component into a cell of interest, oomprising in packaged containers or oonnbi- 
40 nation: 

(a) a non-natural entity wfvch conqsrises at least one domain to said nuciek: add component and a domain to 
said cell of interest 

(b) a nuclei acid component optionally with 
45 (c) buffers and instructtons. 

& A composition comprteing: 

an entity which comprises at least one donrain to a cell of interest 

60 

wherein said domain or domains are attached to a nudeic add component which is in non-double sbanded fona 

6* A kit for introducing a nudeic add component into a cell of interest comprising in packaged containers or oombi- 
natkxris: 

55 

(a) an entity whidi comprises a domain to said cell of interest wfierein sakJ domain is attached to a nud€to 
ackj component which is in non-double stranded form, optkmally with 

(b) buffers and instructk)n& 
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7. A oonposition oonvvising! 

• * 

an entHy which oofiprises a domain to a nudei^ 
Intarest 

■ 

& A method of introducing a nudeic add component into a ceD oo i i|3ri si n g: 

• ■ 

(a) providing the composition of claim 3, 5 or 7. 

(b) administering sidd conpa d Ho a 

10 

9. A kit for introducing a nudeic add component into a cell of interest, comprising in packaged containers or oombi- 
naSon: 

(a) an ofitity which conrprises a domain to said nud^ add component wti^ dn said domain Is attached to . 
15 said ceO of biterest, 

optionally with 

(b) txjffers and instrudionai 

^ • • « 

10. A multimeric conrplex composition comprising more than one monomeric unit attached. 

20 

(lO to each ether through polymeric interaclk)nsi or 

(b) to a binding matrix through polynneric interaclionj^ or 

(c) both (a) and (b). 

25 1 1. A process for delivering a cell effector to a cell, comprising: providing the miMmeric complex oompositton of dalm 
10 wherdn sakJ monomeric urut conprises said ceU effector; and admini^ 

■ 

1 2. A process for delivering a gene or fragment thereof to a cd). comprteing: 

so providing the muKmeric oomplex conposition of daim 10 wherein said monomeric unit comprises sakJ gene 

or gene fragment; and administering said oomposHlon. 

13. A multimeric oompo8itk)n comprising more than one compor^nt attached to a charged polymer, wherein said 
charged polymer is selected from a poiycationic polymer, a potytonic pdymer, a pdynudeotidep a modified pdynu- 

95, cleotide and a polynucleotide analog, or a cont)inalion of the foregob^ 

14. A nudeic acid construct whteh when introduced into a eel) codes for and expresses a non-nativa pdymerase. said * 
polymerase being capable of produdng more than one copy of a nucleic add sequence from said oonstrucL 

40 I5u A nudeic add construct wHch when introduced into a ceDpnxhices a nudeic add product 

processing element, which wtien in a compatible oeO, said procesdng element Is substantially removed during 
procesdng. 

1 6. A process fbr selectivdy eoqi^ressing a nudeic add product in a cell, which product requires processing for functton- 
45 ing. said process comprising: 

(i) provkling a nucleic add construct which when introduced into a cdl produces a nudeic add product com- 
pridng a non-native processing element, which when in a compatible cdl, sakj processing element is substan- 
tially removed during processing; 

60 and 

(ii) introdudng said construct into said ceB. 

■ 

17. A composition oompridng a primary nuddc add component whteh upon introduction into a cell produces a sec- 
ondary nudeic add coniponeni which is capable of produdng a nuddc add product or a tert^ 

56 pon^ or both, wherein said primary nudeic add component is not obtained with saki secondary a tertiary 
component or saki nuddc add product 

1 8b A secondary or tertiary nudeto add component or nuddc add product produced from the composition of ddm 1 . 



57 



EP0 779 36SA2 

19. A composition of matter a^rprising a nucleic acti compon^ which when present in a cell produces a non-natural 
nucleic acid product, which product compr^es (i) a portion of a localizing localizing entity, and (a) a nucleic acid 
sequence of interest 

5 20. A cell containing the composition of claim 17 or 19. 

21 . A biological system containing the ceil of daim 20. 

22. A process for localizing a nucleic acid product in a eukaryotic cell, comprising: 

10 

(a) providing a composition of rnatter comprising a nucleic add component which when present in a cell pro* 
duces a non-natural nudeic acid product, which product comprises: 

ft 

(i) a portion of a localizing entity, and 

T5 

(ii) a nudec add sequence of interest; 

and 

(b) introducing sakj conposition into said cell or into a bidogical system containing said cell. 

20 

23. A nucleic add component which upon introduction into a cell Is capable of produdng more than one specific nudeic 
acid sequence, each such speqif ic sequence so produced being substantially nonhomologous with each other and 

being either complementary with a specific portion of a single-stranded nudeic add of interest in a cell or capable 
of binding to a spedfic protein of interest in a cell. 

zs 

24. A process for increasing cellular resistance to a virus of interest, comprising: 

(a) providing: 

30 (i) transformed cells phenotypicaQy resistant to said virus; and 

(ii) a reagent capable of binding to said virus or to a virus-specific site on said ceils; 

and 

35 (b) administering said reagent to a biological system containing said cells to inaease the resistance of said 

cells to the virus off Interest 

25. A biological system with increased viral resistance obtained by the process of daim 24. 

40 26. A biological system with inaeased viral resistance obtained by the process of claim 24 with the additional step of 
administering an additional viral resistance enhancing agent Ciii)> 

27. A nudeic acid construct which when introduced Into a cell produces a non-natural product which product com- 
prises two components: 

4$ 

(i) a binding component capable of k)inding to a cellular component; 
and 

(ii) a localization component capable of dislocating said cellular component when bound to said product 
50 28. A process for dislocating a cellular component In a cell, comprising: 

(I) providing: 

(a) a nudeic acid construct which when introduced into a cell produces a non-natural product which prod- 
s$ uct comprises two conponents: 

(i) a binding component capable of binding to a cellular conponent; and 

Cu) a localization conponent capable of dislocating said cellular conponent when bound to said prod- 
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m 

ud; 

and 

(II) introducing eaid nucleic add conslnict lnto a cell of interest or a biological system containing said ceQ of 
Interest 
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(a) 
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(b) 



Promotor 




L L L 



Figure I 

Attachment of Ligands Through Primer Region 
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Figure 2 

Attachmeht of Ligands by incorporation of 
Modified Nucleotide Precursors 



I 
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DMA 
FINA 



Synthesis of RNA using lactyl*UTP and 
AOyiamine-UTP precursors 



Attachment of fusogenice peptide through 
ailylamine linkage 



Fusogenlc Peptide 



FusoQenic Peptide 



1) attachment of construct to cell surface 

2) endocytosis of construct 

3) release of construct from endosome 
by means of fusogenic peptide 

4) Elimination of RNA moieties by RNaseH 

5) Synthesis of complimentary DNA strand 



Figure 3 

Incorporation of Ligands through 



Ribonucleotides 
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Figure 4 

V 

Attachment of Ligands through a 3' tail 
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Figure 5 
Preparation of Gapped Circle 
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F 



Figure 6 

Attachment of Ligands through hybridization to a 3' tail 
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Figure 7 

RNA with iJgands on Primer 



(Condmied to RBura q 
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Continued from Figure 7 
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Figure 8 

RNA with Ligands on Primer (Continue 



67 



EP0779365A2 




Y * Ugand RooQptcvB on col 



YYYYYYYYYYYYYYYY 

F 



C e8 



-ONA 



InVKro 
TfBnsorlplfon 



AB CD BPQHIJKL 




InVttro 

biivflng of mocfifiM 
primers to RNA 



^AB CD EFQHIJKL 



A' or cr E* P 




■ Blncflng of nucteic scUs to monifcnra 
ttvouoh OoandB on PrtnMr 



^AB CO EFQHIJKLM 6* 



i 



SCff C or e F 
YYYYYYYYYYYYYYYY 



.s.ut :::u-i..».t.:i:n..:n~:i n :r:::jt:t:';ui:n]ii:ahi:::':::(.i»:t:»:::u"t 



I 



Gal 

MttiAvantt 



EndoeytOBis 



8* 



AB CD EFQHIJKLM 





(OontimiBd in F|gwB ICQ 



Figure 9 

RNA with Ligands on Multiple Primers 
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fund from Figure 9 
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Figure 10 

RNA with Ligands on Multiple Primers (Continued) 
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Figure 11 

Single-stranded DNA with attached Uganda 
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Cofitfniiadfiroifi Figure It 

(a) 

Presence of a single 
tRNA primer site 



(b) 

Presence of multiple 
tRNA primer sites 
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Figure 12 

Single-stranded DNA with attached Ligands (continued) 



71 



iP0779365A2 




in Vttro Tfwor^pQon 



AB C D E P 



0 H 



y T 

X K 




tn Vitro binding of 
nuxflledprlmflr toRNA 



3* 



AB 



t 

C D E F 



Q H 



X m Uganlsanachad ID ONA through IMprbnar 

Y - Ugand Reoepcora on oel 

Z ■ Fusoganiepflpllde attached to aaoondprimar 



1 



5' 



Emnsion of modMad prftiwr by 




YYYYYYYYYYYYYYYY 



Cel Membrane 



Bincfing of nudeic add 
to oef I stffaoe through 
attached Bgand 




BtncSng and extenskn from 
modWed primer to eynlieilw 
the oompfifnentaiy seand 



1 



a* AB C D E P 



.1 I 



5' X X C or E F' a K 3* 



C D E P 



X X 



X X 



8" 
3* 



YYYYYYYYYYYYYYYY 

CeOMembrane | 

I Endocytoels foOowad by release fftm endosome 
I by means of attached fiaogenic peptide 



g AB 
5' X X 



C D E P 



5' 



cror E F' 



Figure 13 

Linear Double-stranded DNA with attached IVIoieties on each strand 
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Figure 14 

Enhanced Delivery of Retroviral Vector 
to Haematopoeitic Stem Cell 
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Figure 15 

Enhanced Delivery of Vector 
DNA to Haematopoeitic Stem Ceil 
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Figure 16 

Covalent Attachment of vector DNA to Dimeric Antibody 
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Figure 17 

Covalent attachment of Modified DNA 
to a Monovalent Antibody 
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Figure 18 
Modified DNA used as a Binder 
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(continued in Figure 20) 



Figure 19 

Synthetic Steps for Creation of Antibodies 
With Nucleic Acid Moieties Attached 



78 



EP0779365A2 



(Continued from Figure19) 
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Figure 21 

Enhanced Binding of Antiisodies to Antigens by Multimerization 
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Figure 22 

High AIRnity Multi-Insulin Soluble Complex 
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Insulin with diaeratt nueWe 
acid sequences attached 




Figure 23 

Multimerization of Insulin molecules by 
hybridization to discrete Sequences 
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Intron insertion site 

(A) - • . . T0CTCTC7AX0OOTCVACTC 

ACOAQAGAVTCCCXQXTOAO- - 



(Q 



(E) 



T7 RNA Polymerase Sequence 



Splice Donor Site Splioe Acceptor 

(B) -•••CTCTAAGGTAAAIAT TGVATTrTMAfrraUl 

- - - •QAGATTCCA.'riTATA - -- -- -- - ACAXAAMITCTAAGTT 

SV40 Intron Sequence 



TOCTCTCTAAGGTAAMAT TGTArrrTAGGOTCYACVC' 

ACOAGAGATTCCftirmA - ACAXAAAATCCCAGATOAO* 

t 

Insertion of SV4G Intron into polymerase coding sequence 



Splice Donor fite SpUoe Acceptor site 

* UGCUCtrClTAAG6aAAAD»a uguauuuua qgguctacuc 

mRNA transcrqjt containing intron 



... .UOCUCtTCTTAAOOOUCDACXrC- - - 

mRNA transcript after splicing has normal T7 Sequence 



Figure 24 

Fusion of Intron into T7 RNA Polymerase Coding Sequence 
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Figure 25 
Construction of T7 Expression Vector 
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A) Synthesis <rf pieces 



TSP-1 TSP-3 



TSP-4 * TSM 

PCR 1 PCR 3 



wr-t 



PCR 2 



B) Oligomers used for synthesis 

TSP-1 GGA ATT CQT CTC GAG CTC TGA TCA CCA CCA TGQ ACA CGA TTA ACA TQQ C 
TSP-2 QAC TAG TTQ QTC TCQ TCT CTTTTT TGQ AQQ AQT QfTC QTT CTT AGO GAT GTT AAT C 

TSP-3 GQAATrCQTCTCGGAGAAAGQTAAAATTCTCTQACATCQAACTGQC 
TSP-4 GAC TAG TGG TCT CCC CTT AGAGAQ GAT GTC AGO 

TSP-S GQAATrCGGTGTCGQGTCTACTCGGTQQOQAQG 
T8P-6 GACTAGTCGTTACGCGAACGCAAAGTC 

IfTT-l GGAATTCGTCTCTAAGGTAAATATAAAATrTTTAAQ 

I 

INT-2 GACTAQTCGTCTCTGACCCTAAAATACACAAACAATTAGA 

« 

Figure 26 

Synthesis of Pieces for Construction of < 
T7 RNA Polymerase with Intron 
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PCR 1 PGR 3 PCR 9 




Figure 29 

Fusion of PCR Pieces to Construct 
17 RNA Polymerase with an Intron 
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(A) Ongomers 

HTA-1 GATCATTAQAXA3ATCrGA00CTGQQAGCTCTCroGCTAACTM 

HTA-2 QAT0CTTQA6KTTAAGCAGTG(^TTC0CTAQTTAQ0CAQAOAOCTrc 

HTB-1 QATCACCrrAGQCTCTOTATGGCAGGAAGAAaOGQAGACAOO^ 

HTB-2 GAT0CTTOA6GAGGTCITCQT0QCTSTCTC0GC I I C i I GCm OCATABOAO AQCCTAAQQT 

HTC-1 GATCATAOTGAATAOAGTTAQGCAGGQATACTCAXAnATCGrrTTCACUCC^ 

HT02 <3ATOCTG(K)A6GTQQaTCT(y^AACGATAATGCn'QAQTATOOCTaCCTAACTCTATTC^ 



TER-1 



AATCTA QAO CTA ACA AAO OOC QAA AOG AAQ 
TICTGCAGATATAOT l O: l U U 1 11 CABC 



(B) Cloning of AS and Temtlnator sequences 
into vector with 17 Promoter 



T7 Termlnfitv 
PCR 




T7 Directed Anti-Sense 
Transcription Unit 



Figure 30 

Insertion of Anti-Sense Sequences into 
T7 Directed Transcription Units 
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T7 Directed Anti-Sense 
Transcription UnS 
(from Ftgure30) 



Apa(B9i200 



T7 Directed Anti-Sense 
Transcription Unit in 
Phage Vector 



(from Figure 29) 
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Final construct with T7 
RNA polymerase and 
Anti-Sense directed 
from a T7 Promoter 



T7 RNA Polynwsso 
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Figure 31 

Construct with T7 RNA polymerase and 
Anti-Sense directed from a T7 Promoter 
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A) Oligomers for introduction of T7 signals and polylinker 
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Figure 32 

Introduction of Poly-Linker for Creation of Protein Expression Vector 
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Figure 33 

Rnai steps for construction of Expression Vector 
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X Y Z A B C C B* A'^ 

Puttier products generated by this piece are continued m Rgure 35 
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Figure 34 

Construct that produces single-stranded Anti-Sense DMA 
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Continued from Figure 34 
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(Structure 350 ▼ 
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C B' A' 



Figure 35 
Continuation of Process from Rgure 34 
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(Structure 36c) 
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(StructiFO 36d) 



X Y Z A B C D 



Figure 36 

Construct that produces RNA that is Reverse Transcribed to create 
Secondary DNA Constructs capable of directing transcription 
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(Continued In FlQum 38 ) 

Figure 37 

Construct which Propagates a Double Hairpin Production Center 
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(Structure 38^ 
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b an Ann-Sense sequence and X Y Z Is a Poly Aslgnal 



Figure 38 
Continuation of process from Rgure 37 
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Spacing out of tntron on AntKodmg strand. In tils 
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In vivo transcription 
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5' mRNAfordtptherfatoxb) 



Figure 39 

Construct which propagates a Production 
Center capable of Inducible 
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Figure 40 

Use of tRNA primers to create a DMA construct 
for secondary production of transcripts 
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Figure 41 

Excision of Sequences from U1 Transcript Region 
and Replacement with Novel Sequences 
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(A) Anti-sense oligomers 

HVA-1 GATG0QQATTQAQQCmA6CAGTa»3TTCCCTACTTA60CAGAOAOCTO 
HVA-2 (X:QQATTAQACCAOATCTQA0(Xn'QQQAQCTCTCTQOCTAACTA0^ 

HVB-1 QATCCQQACmQAOQAQQrrcTTCQTC(Kn^QrrCTOCGCTTCT 

HVB-2 00QQACOTAQQCTCTOCTATQQCAQQAAQAAG0(K3AQACAOOQACQA 

HV01 QATOCQQATGGGAGGTQQOTCmAACQATMTGGTGAOTATOOCTSCCrAACTC^^ 
HVC-2 CCGQA7/^<^TAOAGTTAQQCAaK)ATACTCA0CATTATCOTlM 

HVD-1 QATCAflCATGOCTQCAOGTCQACTaA(^OCOGOTACCQAQCTC 

HVD-2 GCQQATAATA0QACrCACTATA3QOC0AQCT0QOTA00CQOQ1CTAaAQtC<^ 

(B) Replacement of U1 sequences with HIV Anthsense sequences 
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Figure 42 

Insertion of Anti-Sense Sequences into UlOperons 
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Figure 43 

Predicted Secondary structures for U1 
Transcripts with Anti-sense ' " 
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Figure 44 

Construction of U1 Multiple Operon Clone 
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Figure 45 
Construction of T7 Triple Operon 
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Figure 46 

Structures of Triple Operon Constructs 
from Rgures 44 and 45 
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Figure 47 

Construction of Multiple T7 Operons in 
Vector coding for T7 RNA Polymerse 
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Figure 48 



Flew cytonetxy data measuring binding of 
anti-CD4+ antibody to HIV resistant U037 cells 
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Figure 49 

PGR aiTplif ication of gag region 
indicatijig absezK:e of HIV in 
viral resistant cell line (2.10.16) 
cifter challenge 
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Insertion of HIV sequence 
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HIV A 



Construct with HIV A 
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inhibition of lacZ expression 



Figure 50 

Clone with targeMacZ fusion will have reduced expression of 
lacZ after transfection by HIV Anti-sense construct 
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Figure 51 

Expression of Beta-galactosidase activity 

ia extzacta 
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CLAIMS INCURRiNQ FEES 



The present European patent app&eation 



at the time of ffling mm than ten daima. 



□ 



Only part of the daimi have been paid within the presoribed time llndt The present European eearah 
report haa been drawn up for the first ten dafms and for thoae daima for which daims fees have 
been paid, namely daim(a): 



□ 



No daims faes have been paid wHhln the prescribed time Gmit. The present European aearch raport haa 
been drawn up for the first ten claimt. 



LACK OF UNITY OF INVENTION 



The Searoh Division considers that the present European patent application does not comply wKh the 
requiraments of unity of inventbn and relates to several inventions or g^ps of invenfions, namdy: 



see sheet B 



□ 
□ 



All further search fees have ft>een paid within the fbted time iimit The present European searoh report has 
been drawn up for all daims. 

As ail seardiabte claims could be searched vvtthout effort justifying an addHonal fee. the Searoh Oivlaion 
did not invite paymerrt of any additionai fee. 

Only part of the further oearoh feea have been paid within the fixed time QmlL The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search faes have been paid, namely daima: 



□ 



None of the further search fees have t)een paid within the fixed time limit. The present European searoh 
report has been drawn up for those parts of the European patent appfoation which relate to the invention 
first mentioned in the daims, namely olaima: 



6 



EP0779 365A3 




Europ-n Pafnt ^ INVENTION 

^^'^ SHEET B EP 96 11 9961 



The Search Diyision considers that the present European patent appTioation does not comply wHh the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



1. Claims: 1-13 



Constructs comprising a modified nucleotide; constructs 
bound non-ionically to an entity;cofrpos1tion comprising a 
domain binding to a nucleic acid coirponent; composition 
binding to a cell of interest and a nucleic ac1d;methods 
and kits to use said compositions to introduce a nucleic 
acid conponent into a cell. 



2. Claims: 14-17(comp1ete1y) ZQ, 21 (partly] » 23 (completely) 

■ • 

A nucleic acid construct encoding a processing element such 
as a polymerase. 



3. Claim : 18 

A secondary or tertiary nucleic acid component or nucleic 
acid product. 



4. Claims: 19 (completely), 20.21 (partly), 22 (completely) 

Nucleic acid encoding a localizing entity and a protein of 
interest; process for localizing a nucleic acid product in 
an eukaryotic cell employing said coding nucleic acid. 



5. Claims: 24-26 

Processes for increasing cellular resistance to a virus and 
biological systems obtained. 



6. Claims: 27,28 

Process for dislocating a cellular component in a cell and 
nucleic acid construct for use in this process. 



■ 
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SHEET C EP 96 11 9961 



Although claims 8, 11 » 12 » 16, 22, 24 and 28» insofar they concern In 
vivo methods are directed to a diagnostic method practised on the human 
or animal bodv or to a method of treatment of the human or animal body 
(Article 52(4} EPC]» the search has been carried out and based on the 
alleged effects of the composition. 
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